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TOOLS ter BHI 


Bever, 


Aveling & Porter, Ltd., 
Rocusetsr, Kant, 
and 72, Caxwon Sraust, Lorpon. 

STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 

CEMENT-MAKING MAOCHINERY- 5288 


A: G. WM 2Fford [4 


CULVER STREET WORKS, COLOHESTER. 

Ox ADMIRALTY axp War Orrice Lists. 
ENGINES for Torpedo Boate. Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 29, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS 


And Auxili Machin a8 supplied to the 
.  aaatanlle. Od 2179 
M orine. Steam. Turbines 
ARSONS’ PATENT 


. 5045 
JOHN samuke WHITE & OOMPANY, Ltp., 
Shipbuilders and Engineers. 
East Cow us, 1.W. 


Pusat, Ash Hijector. 


ef iabour oan Melnbiet No dust. ag a 2 
of vessel.—. 


ROCTOR, Ln Naval be and 
Surveyors, 48, Billiter Bldgs. , Billi a Eo. 


Wilkinson & Sons, 


HLEY, are OPEN to UNDERTAKE 
SPUR GEAH OUTTING. in. to 14 in. eee 
to 4ft. diam. Also IRON 0 Enquiries 
solicited. 4181 


Gs Engines, Suction Plants, 
Teste and Reports: 


advice.—E. J. DAVIS, M.1L magy Be i Great 
om Stratford. sm phones East 1360 ; — 
Tel. : mn pene nly 

















Y #trow. & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW (former! y of Portar, Loxpox). 
SPEEDS Spo 46 MILES Ait HOUR, 
PADDLE STEAMERS 0 


R SOREW 
Exceptional Shallow Draught. 
PROPELLED BY STEAM 


Turbines or ong 





(\ampbells & Horter, LL 


SPECIALISTS IW 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 
¥ achte, Launches or Barg es. 
‘Putte Machinesy cn — Steam, Oil vet Fir 
genet prongs Lap., ~ nt a MED og 
['ank Locomotives. 
and W. ual 
seme > Soa 
RB. & W. HAWTHORN, LESLIE & O0., Lp., 
En N ‘Tren. 4 











T ocomotives in Stock.—}_' 


KERR, STUART & OO., Lep., have in stovk 
or in an advanced state of progrese at their 
LDOOMOTIVES, with eplledene thee ein eae ine 


nos S ye alt from 6 in bad 
diam (inclusive’ from 18 in. ,to 
4 ft. 8} in.—A) to KERR, STOAR 

5, Broud Street Plane, FE. 





Petter Qil Pixgines 


es by 
PETTERS Limrrep, Engineers, Yeovil. 
See our Titustrated Ade Advt. every alternate 


P & W. MacLellan, Limited, 
4 OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DRESORIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING; 


Chief Offices :°129, Trongate, Guaseow. Od 8547 
Registered Office: 1084, Cannon St., London, E.O, 


Steam Hammers | (with dE op thd 








BUILDERS & BOILERMARERS. 
_ DAVIS & PRIMROSR, Loar Luarrsp, Larrn, PD 


ART & CO., Le>., 

4570 

(ri & Donald, Ltd., Machine 
IL MAKERS, Jonnerors, near Glasgow. 

For class of Machine Tools see our Illustrated 

Advertisement every alternate week. 1858 


racings and Photo-copies| zzzorn 
ae Ay WME & PARI aes 


(Official 





Contracters 
01, York Street, eet 





me R() i eae son” 





Brett's Patent Ljfter Co 
}{ammers, Presses, Furnaces, 
. COVENTR 610 


Dorling & & Co., Lid., 
ee 


BRAD 

> Cana ENGINES Pau Bae Rae] 
WINDING, HAULING. yen COMPRESSIN 
and PUMPING ENGINES. 1896 


(\ranes.—Electric, Steam, 
HYDRAULIO and HAND, 


of all t Seer ent Som. 
GEORGE RUSSELL & OO., Lrp., 
Motherwell, near Glasgow. 


R. Heber Radford {Son «Squire, 
AND Worxs. 
weniaet, Valuara, [over 50 years. 











tem. Inst. 


Pp En aereene q 





Engine Guanistlig Set, 


Direct Coupled, 65 Kw., 500 vote Suitable 
for Town or Py lucer Gas. 
85 


5256 
separately 
and Tenly for IMMEDIATE 


JENNINGS, 
West Walls, Newcastle-on-Tyne. 


ae Concern Wishes to 


Sor re FANS, *‘ Roots” new or 





bury Circus, E.C. E612 


Proms Sale, One New 3in, Reot’s 








Iron and Steel 


"Pabes: 


THE SOOTTISH TUBE CO., Lrp., 
34, Robertson Street, 





Glasgow. 


Internal Combustion Engines. |— 


les Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 
CALORIFIERS, EVAPORATORS, } Row’s 
CONDENSERS, AIR HEATERS, PATENTS. 
STEAM any GAS KETTLES. 


Merrill's Patent TWIN STRAINERS 


SYPHONIA STEAM TRAPS, REDUCING VALVES, 
High-class GUNMETAL 


ATER SOFTENING and FILTERING. 4924 


lubes, Iron and Steel. 
Edwin Lewis & Sons, 402; 
‘Gases eo. Wolverhampton. 


143, » Cannon 8t., E.C. 
ubes and Frittin 8, 
IRON AND bom 
pega and | loyds, | td., 
BROAD STREET 0 CHAMBERS, BIRMINGHAM ; and 
LONDON OFFICE— 

Wivonzsrsr H Op Broan Srazer, E.0. 
LONDON WAREH 157, Ura. Taawasir., EO, 
LIVERPOOL WAREHOUSE, P 
MANOHESTER W. y ye rch ll 
OARDIFF WAREHOUSE— Burs Sr. 
BIRMINGHAM WAREHOUSES — 

, Suwercors Sr., and 10, pera maen — 
Advertisement t page 26. 4990 


M“nn Tools in Stock :— 
egy k= Balt screwing MS LCHIN ES. 
tori po Ne Special Shafting LA Second- 
ae aT AMES BPEX 
J OER & OO., Lrp., 4360 
Ohamber Iron Works, ‘Hollinwood, ' 











ew Chicago Automatics, 
Three Sizes, Delivery from Stock. 
NEW CAPSTANS, lin. through the wire feed. 


JOHN MACNAB, Mary Street, Hype. 


Tel. No. : 78 Borda 5319 


Ht, Nelson] & Cee Yad. 


are yor ged A ee 
OTHER DESCRIPTION OF 








eparators 


— rr — 
EXHAUST STEAM 
TURBINES, OOM. 


PRESSED * &c. 
STEAM DRYERS, 
METALLIO PACKINGS. 


rinceps & Co., 


mdoatind FIELD. 





Conveyor Belts 


GUTTA PERCHA & peas LIMITED, 
Toronto Canada. 


Mechanics and: 
National Bank 


OF THE CITY OF NEW YORK. 
EsTas.isuxp 1810. 


5211 





vials 


OAPITAL (Fully Paid) +.» =» $6,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 





arrow Patent 


Bi. Beseanats Bis 


ROW & OO., UNDERT. 
PRESSING oy MACHINING of the ny 
Yarrow 
Pockets and Su for ee and 
nt ve ape 
YARROW & bo. Lep., i hmong GLASGOW, 


-j ohn B ellamy, Fenn 


MILLWALL, LONDON, 
GuneRaL OonstrucrionaL oo ar 


Boilers, Tanxs& Mooring Buoys 

Srints, Perro. Tanks, Am Rxeczivers, STsel 

Ommunsys, Riverep Stzam anp VENTILATING IPRS, - 
Hoppers, Srmocian Worx, Rarairs oF ALL Kuwpa, 


RAILWAY CARRIAGES, “ELEOTRIO 


Ht. Nelson & (Co. T,4 ) 


Tue Guaseow Roiiune Srock any. PLaNt bs 
MOTHERWELL, 


He, W rightoon & C™ 


LIMITED, 


See Advertisement page 69, July 7. 


ews Pp & Co: Le 


LuvaxrorD WORKS, Dumbarton. 
See Full Page Advt. page 44, June 30, 


['sylor & (hallen, Ltd., 

















BIRMINGHAM. 8195 
Presses for Sheet Metal 
PRODUOTS. 


nee Oe A. 
GOLD MEDAL— 


[puskban 8 s Patent Suspended 


WEIGHING MACHINES, 
AD ENGINEERING WORKS COMPANY, ax, Ly 








Ea de a re ee. ae 


Drop Gtampings 
GARTSHERRIE ENGINEERING & FORGE 00, 
50, WELLINGTON SrreET, GLascow, 5298 


rass Foundry, near London, 
OPEN to REOEI re ORDERS for various 
SS livery. — Address, E 606, 


Wanted, 75 HP. Motor, also 


Af fy Sno nae aan Senet 
lor a curren 
440 volta, Address 4 : eon 


72, Offices of 
[the 














Glasgow Railway 

Engineering ( ee’ 
Office—12, Victoria Street, aw. 

RAILWAY WAGON AND TRAMWAY 


ja & WAGON IRONWORK, alee 
eee erSTEnt vkie BOXES, 5055 
ormand 


Augustin -N 


67, rue de (France HAVRE 


83890 
ar a Sorte arate “ote 


ateruray S~mig - Boilers, Coal or Ol 
Heating. Diesel Oil Engines. 


B* §, Mom, Li 


Povertl fan 
owe 











tamps, 
Sta, Bihan 





ENGINEERING. 


ane ¥. ULY 14, 1916. 








[the Manchester Steam Users’ 


ASSOCIATI 
For the Prevention of Steam Baller Explosions and to 
women in theApplication of Steam. 


Ohiet Bayinesr G. 
Founded 1864 by Bir WF 
eeielanetas ot Say Sven 
Liabilities paid in case of 


2 of apiedonn. and | tenchi 
prea he s aan Reet Perabo 5169 


[the Council of the British 


ACETYLENE & WELDING ASSOCIATION 
have now 


that 
DEP. ENT for 


advice technical assistance where 
y to THE SEORETARY, The British Acetylene 
Associa , 108 and 104, 
Tondon, ¥ E. 6168 
{J {versity of Liverpool. |re 
SESSION 1916-1916. 


FACULTY OF ENGINEERING. 
Dean—J. Wemyss Anperson, M.Eng., M.Inst.C.E. 


Prospectuses and full Y particulars of the following 
may be mig vel on a fo serve to oad memes a 
Engineeri: . n ng,Ulv gineeri: . 
Naval Architecture, Marine ingiataring, neering | per 
Design and Drawin ion, 

Physics, Inorganic emistrv. 


UNIVERSITY OF DURHAM. 


rmstron College. 
NEWOASTLE-UPON-TYNE. 





D 





Parciear—W. H. HADOW, M.A., D.Mus., J.P. 


SESSION 1916-1917. 


COMMENCING 25th SEPTEMBER, 1916. 


Departments of MecuanicaL, Marine, Civi, and 
E.eorrica. Exouerrine, NAVAL ARCHITROTURE, MINING, 
Meravivrey, Aoricutruns, and of Purr Scimxcer, ARTS 
and ComMERCE. 


Full particulars may be obtained on application to— 
F, H. PRUEN, M.A., Secretary. 
Armstrong College, Newcastle-upon-Tyne. 6353 
THE MANCHESTER MUNICIPAL 


Gchool of Technology|" 


( Unversity OF Mancuesrer). 


. ©. M. Gannerr, ua. (late Fellow of 
Trinity College, Cambridge). 


The Prospectus, forwarded free on ay eye » gives 
seam my the Sg ayy leadin me ve = ae oa a 

niversity degrees in Faculty nology, in 
the following mer ents :— aa 

MECHANICAL ENGINEERING, 

ELECTRICAL ENGINEERING, 

SANITARY ENGIN EERING (including Municipal | ® 


mae “CHEMICAL Yl twee Seeing 


Chemical ee 

valtereye fom ng, rowing 
THE TEX TILE PebusTR 

nhs ING & PHOTOGRAPHIC TECHNOLOGY, 


MIN 
AROH! {TEOT URE. 


During the Session 1916-1917, First Year Courses 
will be specialiy adapted to the requirements of 
—" who may wish to take Commissions in My 7 


(ity and Guilds — Technical 


ae fy prong! 


NARD STREET, , BC. 
MBOHANICAL HiNGLNEERING : 
‘essor MaRcrTsox, M. 
CIVIL, ENGINEERING : 
¢ MARGBTSON, 
ELEOTRIOAL ENGINEERING : 
Professor (Vacant 
APPLIED CHEMISTRY: 
Professor G. T. Moroayn, D.Sc., F.R.S. 


The training is adapted to the needs of various 
students including (a) Pupile from secondary schools 
above the of 15 who desire to receive a practical 
and scien yo ee training bearing upon. vheir future 
industry or eateasiow and (0) young men who, 
having previously served a pupilage or 
in works, desire to go through a wae systematic 
training in sraiutarinn: and applied 

The College contains laboratories and workshops 
equipped for instructional purpose, including En. 

rin a ms Laboratories, 
and Metal Worksho 
Physics, tect trical and Chemical La 
Dynamo Kooms. 

The next Entrance Examination will be held on 
September 19th in the subjects of Mathemativs and 
Brie Un but the Matriculation — eee 8 of any 

itish University is accepted instead 
Fees are £20 per annum. 

The Programme, giving particulars of Admission 

aes Examination, Syllabuses of Instruction, ed | 
information may be had post free on application 
Soe to the REGISTRAR of the College at the oe 


A National Need. 


tg eT, SOHOOL OF AERONAUTIOS. 
and Airships. 
my ~~ a7. 
ao ne ~ of 
254, Oxtord Road, Manchester. 4337 
APPOINTMENTS OPEN. 


prone Engineer 


pnt eh pene Se eae 
sound education, and 





PRINCIPAL; 


Dyes 
and 








Also 
Civil, 














COUNTY BOROUGH OF DARLINGTON. 
TECHNICAL COLLEGE. 
PrinciraL: C. E. HANDY, A.R.C.8., Wh. Be. 


Lecturer “Required in 


nt ee Department; qualifi- 
cations should incl: workshop, and 


es pealion. iyn cannes feeb 
forwarded on receipt of stamped add foolscap | Manc' 
envelope. jeted forms to be returned to me on 
or before 24th July, 1916, 
oS BOYDE, Secretary. 


Education 
E @41 


Office, 
12th July, 1916, 

anted, Works Manager for 

Aeronautical Engineering Firm opening ne 
branch. Must be energetic and sood distiplinsrias. 
Thoroughly conversant with up-to-date methods of 
manufacture, electric-driven lathes, press tools, and 
wood- +e Artery eens ; 8 

ry and commission. 


BOX ? 748, tT’ B tf Advertising meer iss, 
Queen Viotorta Street, London, E.O. 


orks Manager.— Wanted, 


thoroughly practical MAN with wide ex- 

mee modern foundry and machine shop tractors 

or to. inte large quantities of light repetition 

interchangeable system. Good organiser 

inarian accustomed to fixing piece-work 

oT contretting mixed labour ; six o’clock man. 

lary £300 to £350 per annum, according to qualifi- 

cation.—Apply, stating age, training and experience, 

in confidence, og BOX 517, SELLa’ Advertising Agency. 
Fleet Street. 


Further par 





id eet for | ing shop, 


age, references, salary red, 
whether to your nearest LA LABOUH 
EXCHANGE ment this Journal and E 628. 


vertiser Would Like 


BS a ive mia veg small or moderate 
poh, nc contilisned, E651, Cheon meee 


' PATENT AGENTS, 











Wanted, Several First-class 


15Bsmged for Sarah og Machine Setters and Foremen, 
district. Must have good exverience of 
ay wer Autos, B & 8. Screwing Machines, 
Gridleys, &c. Preference given to Turners and 
Fitters with above e good education. 
ive and permanent jobs te right men. ” 
one on Govérnteans work need 'y.—Write, in 
confidence, oe fullest parti 
our nearest LABOUR sae ease 
mentioning this eared and EK 616 


anted, for Controlled 


works in Midlands, FOREMAN for engineer- 
good organiser, able control 20 to 30 men ; 

must have —- mechanical and electrical exper 

ience in all kinds of repairs to machinery, gas engines, 





E 640 motors, and the manufacture of machinery 


connection with constructional work, 
methods, 
— 


nee A 
igs, &. No one on Gevernment work 


ly, 
requires, warest LABOUR BOUR EXCHANGE, 


roe Ban this Journal and E 


Wanted, at Munition Factory 


tmental energetic 

YOUNG MEN. o piven yee Fh ven en uare been 

discharged from Ramah are ineligible. Must be 

— of bane a fall days work. baer) 
asset.—Address, E 585, Offices 





ay 





[ixperienced Engineer 
ma ya at once, to take ona, eof Ee? 4 
constructional department. Knowl 


construction essential ; also must be familiar in 
ting plants and insulation.—State 
details of Re ty and salary 
required, ap Box 755, T. B. Browne's Adver- 
tising Offices, 163, Queen Victoria Street, E.0. E578 
Epgineer and Manof Business 
ANTED, for control of outside erecting of 
heavy and light structural work and machinery. 
The duties consist in going from job to job up and 
down the country, supervising foremen. About 
jobs are comes n hand at same time. A notin 
must have had length ny experience of ‘simile t work, 
roust be of ucation and address, and 
able to handle men. Good salary. State fully 
arte experience, age, if married, and salary 


equired. 
“No pores aete employed on Government work 


nearest, eg EXCHANGE, 
ssetleclog this Journal and E 


A Ssistant Bapuec Wanted, 


in large Government Works in the Midlands ; 
must have had gery in large buildings and 
constructional work, and also be oe to control 
drawing office. Good salary to the t man. No 
one employed on Geverneasat work will be engaged. 
oer fullest ae in writing, and apply to your 
EXOHANGE, 


rat mentioning this 
re ey an 


W anted, Competent 


Agricultural Implement DESIGNER, 
experienced in designing Implements, and capable ot 
designing Motor r framework &c. No person 
at present. —— Be Government work can be 
en Apply, ur nearest LABOUR EX- 
ANGE, < quoting Ret. No. A 2084 E 619 
tor Department 
under Admiralty, firet-class Jig and Tool 
DESIGNER. Shop experience is essential.— Apply 
letter, stating ose, experience, and salary ex bef 
with copies of Othoes 














testimonials, to E 615, of 


ENGINEERING. 


(Jhiet Cost Clerk Wanted, at 


once, for large aeroplane engine manufacturing | Sound 
concern. N.E. London. Only man of proved ability 
Good salary and prospects. 











one em 
men! 





Perer Hooxer, Lrp., 
Blackhorse Lane, 
Walthamstow. E 624 
Dest tsman(Chief) Wanted 
Textile and General Engineering 
works on East Coast. No person already Pp 
on Government work will be e mye: nh naan 
experience, &c., your nearest L, UR HAN’ 
mentioning this Journal and E 595. 
[ranghteman, with experience 
Be yet Aenean of (nc ner cranes, Cgpereenent 
pa cogs | State age, 
oe egg me eae 
on on Government work ‘ilk te coon engaged.— Ap = eo 
nearest LABOUR EXOHANGE, 
Journal and E 505. 
Draughtsmen Wanted, on 
Government work, with experience ot jigs and 
= a ek ied tee 
Apply ze our rete LABOUR EXCHANGE, quseing 





67 [eughtsiman Wanted, Tor 


Machine Tool bebe ah Scotland ; 
fretless man with some ¢ 


| RE Ko'person already om 


k will engaged. 
EXORAWOR, meoctitoing th 


Wanted, Tool Dranghtsmax 
and capable of 

pe ary Nm ey ey a mg gp 

Cuaitce, quoting Nea R806 

‘Few Good Detail 

Soin 

and 





out 








irgineering Pupil —Vacancy 
with ot t — re 
py nny 


A Large Firm of E ingin cers,| 


phat a of education the 
jude both works opr pupl _ 
yo ay 4369, Offices of Exemrazrime. 











SITUATIONS WANTED. 
entleman, A.M.I.A.E. 


(medically rejected), at —— engaged as 
menage. 18 pdr. shell shop, 8 AGE- 
mre a8 ae capacity. Shop eve down. 13 
ical and commercial experience. Highest 

Hie cen Freeio about one month. Details of ex- 
perience on request.—E 623, Offices of ENGINEBRING. 


Pixperienced Surveyor Desires 

APPOINTMENT in mining engineers’ office 
with a view to working partnership. Highest 
testimonials. Termsand fullest dress, 
E544, Offices of ENGINESRING. 


Hyngineer (26), B.Sc. Eng. 
B’ham, “ld y commercial no workshops, 
late Lt. A.S.C., te ppl il at Flying School, 
DESIRES temporary EMPLO T (London), day- 
— — a.m.-Five p.m.); prefer assist consulting 
mental —, internal combustion work 

ne ress, E 607, Orfices of Enemmmunine. 


(Civil Engineer (43), Desires 


ENGAGEMENT. Experienced contractor's 
agent on important contracts home and abroad for 
well-known on firms. Sewerage, roads, trams, 
and general engineering works.—Address, E 634, 
Offices of ENGINERRING. 














DESIGNS axp TRADE MARKS 
Patents IN ALL COUNTRIES, 


E. P. Shiccslee & Son, 


Cuarrsrep Patent AGENTS, 

306, HIGH HOLBORN, nd peas W.c. 
(Established 1 874.) 

Telephone: Central 7424. 


oJ onsen and Son, 


Od 585 





4884 


CHARTERED roe geld = as, 


ct Wi eres ee eee 





* ltt E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers, 4995 
Tothill Street, Westminster, 8. W. 








PUBLICATIONS. 


PATENT-RIGHTS ; 


oe ACQUISITION AND MAINTENANCE. 
A Concise Summary of the Princi Facts with 
which Inventors, Manufacturers and others, a 
in the Protection of Inventions, should be acq 


By G. G. M. HARDINGHAM, 


Meu. Inst. M.E., Fev. Cx. Lwet.. PA. 
CROSBY LOCKWOOD & SON, 
7, Srationers’ Haut Court, Lonpon, E.C. 


Revised Edition, Price Is. 64. ; by post, 1s. 8d. 

nveotors in War Time,’ 

By JETHRO MARSH, Consulting Engineer. 
Price 33. Post Free. Every Inventor should 
possess a copy of this interesting brochure. E 626 
Of J. MAKSH, Sac. 3, 329, High Holborn, London. 
$$ —$_$—$_$_—$———————— 


AUCTION SALSS. 


Wheatley Kirk, Price & Co. 


(Established 1850.) 


Auctioneers 
aND VALUERS OF 4994 
ENGINEERING WORKS PLANT AND STOOK, 
46, WATLING STREET, LONDON, E.O. 
16, ALBERT 8@., 26, COLLINGWOOD 8T: 
MANCHESTER. NBSWCASTLE-ON-TYNR, 
Telephones & Telegrams at each Address. 





5281 











essrs. Knight & Partners, 


LTD., 
AUCTIONEERS and VALUERS 


to the Engineering Trades, 
27, Old Queen Street, 
Westminster, 8. W. 


SALES AND VALUATIONS CONDUCTED 
in all parts ef the Kingdom. 


——Distance No Oxsact.— 5322 
PARTNERS AND PARTNERSHIPS ARRANGED. 
CORRESPONDENCE INVITED. 





ngineer, Thorough Practical 
knowledge and wide commercial experience, 
eonten APPOINTMENT as Manager or Assistant. 
anizer and used tocontrol of men and staff. 
ih. — Address, E 6144, Offices of 

PE sn 


(ip pable Mechanical Engineer, 


with electrical experience, power station 
expert, designer, organizer, controller of staff, — 
practical and technical general en; neering train ning, 
peeks responsible POSITION, highest ae 
(ineligible). —Address, E 647, Offices of Enomrezarno. | 


ngineer, M.1.M.E. (41),| = 


a training at South Kensington and 

subsequently in works, with 23 years’ eg 

SEEKs new EMPLOYMENT. Well pig in hoe 
and commercial sid — 


the rin 
iser and manager, ca 
ion oan. Has made a special Sruiakrel ws of poe On 
——_ office systems and up-to-date worksho 








P 


Practical experience has been of a very varied 
character both at bome and abroad, including a good 
deal 


years has been ia entire charge 
ota engineering worksand large engineering 
peed gg Very Solve energetic. 


RB 
Only a position of considerable responsibility and 


trust, either at home or abroad, will be considered. 
Services available shortly. 
Address, E 645, Omces of EX@IsEsnine. 


A ireraft Designer Desires 
By aye a design ; 
‘darese, B6 





Service p service requirements — 
E 629,  Omhoes of 





WANTED, éc. 
[ihe Proprietors of Letters 


Patent No. is of 1913, *‘ Roll Crusher, oe 

No. 21699, of 1910, “Steam Turbine, ” are DESIROU! 
of ENTERING into ARRANGEMENTS, by way of ; 
License or otherwise, on reasonable terms, for the 
purpose of exploiting above identified patents and 
insuring their practical working in Great Britain.— 
Address all inquiries to ALCHALOO,. care of H. L 
Kuen, 782, Salisbury House, London Wall, EO. nin 
2 


a" Proprietor of the Patent 


No. 14714, of 1913, for ‘* Improvements in and 
nected with the Manufacture of Spring oe 
Nails, e net DESIROUS of ENTERING into ARRANGE 
MENTS by way of License and otherwise on reasonable 
terms for the purpose of exploiting the same and 
ensuring its tall develo velopment and practical working 
in this country.—All communications should 
addressed in the first instance to HASELTINE, LAKE 
AND OO., Chartered Patent Agents, k= Southam: os 
Buildings, Chancery Lane, London, W. .C. 


Bixperienced Industrial 


Representative having good connection with 
Collieries, eo, Distilleries, Machine Works, &c., WOULD 
EPRESENT BEST FIRMS having articles in- 


such industries. 
oun to ROBERT HUYON, 85, Rue St. 7m | 


A Well-established Firm in 
Turin, having good connection neering 
and Automobile : jalities, DESIRES REPRESEN ENT. 
ATION further British firms.—Replies to vane M. 
care of STREET'S, 30, Cornhill, E.C. E 648 

















PARTNERSHIPS. 


Partners 
Directors 
Businesses 
Factories 
for these apply to 


WHEATLEY KIRK, PRICE & ©O., 
Wi Ec, 
1: aig, Oe Le aime 


2%, Colting wood Street, Newonstlo-ca-Tyne. 








TO MAKERS AND USERS OF LOCOMOTIVES. 
The MINISTRY OF MUNIBONS are prepared to 


BROT for ‘Good Second- 


HAND SHUNTING LOCOMOTIVES 
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THE SWEDISH STATE HYDRO- ELECTRIC 
POWER-STATION AT ALFKARLEBY. 
Tue great hydro-electric power station at 

Alfkarleby, the third of the large Swedish State 

hydro-electric enterprises, has now been completed 

and has commenced the distribution of electric 
energy to a large district where it was much needed. 

The exploitation of the Alfkarleby Falls on a large 

scale was first mooted in the year 1893, and within 

five years plans were prepared, on the basis of a 

height of fall of 14.5 m. (47 ft. 6 in.) and a volume 

of water amounting to 150 cub. m. (5297 cub. ft.) 
per second. [Further consideration, however, 
caused some delay, and it was not till 1910 that the 

Royal Waterfalls Board, which had in the meantime 

been constituted, completed the plans, which the 

following year were passed by the Riksdag, a grant 
of 510,0007. being voted for the purpose. The 
scheme also included the exploitation of some 
smaller falls higher up the river in one common 
power plant. The Séderfors Works claimed some 
part of the shore and of the power, and, pendi 
certain legal decisions, these works sold the rights 
in question to the State on the undertanding 
that they should receive at cost price 15 per cant. 
of the power, provided their demands did not exceed 

4,500 kw. For the provision of appliances for 

distributing the power a sum of 350,000/. has so far 

been placed at the disposal of the Waterfalls Board. 
The Alfkarleby Falls are situated in the Dala 

River, some 8 km. (5 miles) above its mouth. At 

the falls the river is divided into three branches 

(see Fig. 1 on page 30) by two islands named Flakén 

and Laxén, the three branches being called, from 

east to west, the Great Fall, the Central Fall and the 

Kungsadra Fall (King’s Fall or “ vein” The 

two former are steep falls, while the latter is on a 

flatter gradient. Below the falls proper the river 

again unites into one stream, which first forms a 

short but sharp rapid. At low water the height 

of the Alfkarleby Falls is about 15 m. (49 ft.). 

The scheme also comprises the falls below the 

Lanfors Fall, some 4 km. higher up the river, viz., 

the Nygardsfors, 1.5 m. (4 ft. I1 in.) head, and the 

Stallfors, 1.75 m. (5 ft. 9 in.) head, the river between 

the two falls forming the Stallfjirden Pool, of 

1.1 sq. km. area (300 acres). By utilising these 

falls, the available head at the power station is 

increased to from 16.3 m. to 18.5 m. (53 ft. 6 in. to. 

60 ft. 7 in.), as will appear from the table published 

below, in which heights refer to the mean level of 

the sea as zero. 





Volume of 
ater. 
Cub. M. per sec. 


Highest Permissible Water Level at | Height 
| Water Level at Dam. Turbine Outfall. of Fall. 
Metres. Metres. Metres, 





18.43 


16.30 





Of the head in question a portion is lost in the 
inlet canal and in the ice-guards, the available fall 
at the turbines being reduced by about 40 cm.(16 in.). 
Below the Alfkarleby Falls lies the Masurfors, 
about 2 m. (6 ft. 7 in.) high and 800 m. long, in 
which the Dala River very nearly falls to sea level. 
This latter fall could not be exploited at Alfkarleby 
without much expense for dredging. This matter 
has therefore been allowed to stand over, but the 
power station has been planned with the possibility in 
view of also exploiting this fall. 

The volume of water in the Dala River varies 
considerably, and exhibits the features peculiar to 
North Swedish rivers. The winter is marked by 
decrease of water, until the melting of the snow sets 
in, when a violent flood brings about the highest 
water level of the year. Then the water again 
begins to fall, at first quickly, but by degrees more 
slowly until the following spring. There is, how- 
ever, very often a sudden freshet in the autumn. 

In normal years the volume of water at Alfkarleby 
ranges between 100 and 1,300 cub. m. (3,531 and 
45,912 cub. ft.) per second. In dry years it 
may be as low as 80 cub. m. (2,825 cub. ft.) per 
second, or less, and in wet years it may rise to above 
2,000 cub. m. (70,633 cub. ft.) per second. This 
latter condition, however, has not occurred since 
1860, when the spring flood brought a volume of 





water amounting to 2,080 cub. m. By regulation 
of the Dala River, however, the normal low water 
volume can be raised to about 200 cub. m. (7,063 
cub. ft.) per second, and with exceptionally low water 
to 135 cub. m. (4,767 cub. ft.) per second. As there 
is the possibility of accumulating water in the 
Stallfjarden Pool during the night, when the con- 
sumption of power generally is less than in the 
daytime, the station has been built to deal with a 
volume of water of about 250 cub. m. (8,829 cub. ft.) 
per second. As a reserve for dry years a steam 
central station has been built at Viisteras. 

The situation of the power station in relation to 
the various dams is shown in Fig. 1. The ground 
on the eastern shore is fine sand, under which solid 
rock generally is found at no great depth. At the 
Great Fall and the Central Fall the rock to a great 
extent is on the surface, whilst at the King’s Fall 
it is covered with stones, &c. All the structures 
which have been built have solid rock foundations. 
The water is raised in level by means of various 
dams built across the branches of the river above 


ding | the falls and is led through an inlet canal on the 


eastern shore to the distribution basin. From 
thence it flows to open concrete chambers, at the 
bottom of which the turbines are placed (see Fig. 10, 
Plate ITI), passes through the turbines and after- 
wards flows through suction pipes underneath the 
machinery hall into the outlet canal in order to join 
the river below the falls. 

In the design of the dams endeavours have been 
made as far as possible to deliver the overflow 
water over fixed spillways at the level + 21 m., to 
which height the water generally is held up. The 
number and dimensions of the gates and rollers 
have in this way been minimised, there being only 
seven outlets with movable parts. The dam in the 
Great Fall commences close to the intake to the 
inlet canal with an opening which can be closed 
with wooden gates. This opening is provided for 
the purpose of letting through the ice formed 
immediately in front of the intake. After the ice 
outlet come two fixed spillways and next four 
floating openings for the passage of timber, which 
can be closed with iron gates. The rest of the dam 
in this branch of the river is made up by six fixed 
spillways, placed in a curve over the.deepest part 
of the river to Flakén Island. The dam approxi- 
mately follows the natural neck of the fall. In the 
Central Fall there are four fixed spillways on each 
side, and in the middle an opening which can be 
closed by means of a roller dam. This latter outlet 
is for the purpose of letting through the ice formed 
in the river above the fall, especially in the Stallfjar- 
den. In order to direct the ice to the Central Fall 
a strong timber training jetty runs from the eastern 
shore across to the southern side of Flakén 
Island. As the dam has been placed about 150 m. 
(492 ft.) up-stream above the neck of the fall, it 
only affects the appearance of the fall very slightly. 
An earthen embankment has been built round 
the southern end of Laxén (or Salmon) Island 
as a protection against flooding. In the King’s Fall, 
or Kungsadra branch, there are included in the 
dam several salmon ladders to assist the fish in 
going up-stream (Lax = salmon). Near the 
salmon ladder there is a small outlet, closed by 
wooden gates, and then follows a floating opening 
for timber, which is closed by iron gates. These 
openings let through the water necessary for allowing 
the salmon to make their way into the Kungsidra 
branch to the lower part of the salmon ladder. 
The rest of the dam is formed by a fixed spillway, 
which is connected by an earthen embankment to 
the western shore of the river. With all outlets open 
the dams, at exceptionally high water level, about 
+ 22.50 m., can let through 2,200 cub. m. water 
per second, or rather more than the largest volume 
of water during the exceptional flood of 1860. In 
the control of the water passing the dam the 
principle has been adopted that the water shall not 
rise above the fixed spillways until it exceeds the 
capacity of the movable outlets. The low water 
delivery must not be dammed right up to the crown 
of the fixed spillways, as will appear from the 
particulars of water levels already given, but a 
special chart of levels is then followed. In order 
to increase the capacity of the reservoir and also 
to be able to follow the indications of the chart 
without influencing the lower water level of the 





Lanfors Fall, some dredging has been undertaken 
in the Nygards Fall. 

The spillways and the o of the dams 
have a free breadth of 10 m. (32 ft. 9 in.), with the 
following exceptions: In the curved portion of the 
Great Dam the six fixed spillways are each 11 m. 
broad, the roller dam opening-in the Central Fall 
is 20 m. (65 ft. 7 in.) broad, and thevfixed spillway 
in the Kungsadra branch is 60 m. (197 ft.) broad, 
whilst the opening nearest the salmon ladder in the 
same branch of the river is 2m. As already men- 
tioned, the upper edge of the fixed spillways is at 
level +21 m., whilst the sills of the various 
openings are at different levels ; thus the sill of the 
ice outlet of the Great Fall lies at + 19.50, those 
of the floating openings at + 17.40 (Fig. 4), those of 
the Central Fall at + 18.30, and the 10 m. opening of 
the Kungsadra branch at +18.50m. The piers 
between the fixed spillways, of 1.5 m. (5 ft.) breadth, 
only serve as supports for a roadway of ferro- 
concrete running along the dams (Fig. 5, Plate IT). 
In addition, the piers at the closing openings and 
at the roller dam support the operating gear for the 
movable dams, and are 2.5 m. (6 ft. 7 in.) broad at 
the gates and 3 m. (9 ft. 10 in.) at the roller dam. 

The dams are constructed in mass concrete, 
with stone facing on the surfaces which are likely 
to be exposed to the ice. Water-tightness on the 
up-stream sides has been secured by excavating a 
groove in the rock (Figs. 4 to 8, Plate II), and 
filling it with concrete. The body of the dams is 
formed in mass concrete of a mixture of 1:5:7, 
with 20 percent. of stone plums. Towards the rock 
bottom and the up-stream side the masonry is 
covered by a layer 3 cm. thick of concrete of a 1:2 
mixture, and behind this a further layer of concrete, 
15 cm. (6 in.) thick, of a 1:2:2} mixture. To 
avoid contraction cracks a groove was formed at 
every pier, and the spillway in the Kungsadra 
branch is also divided by grooves. These grooves 
are caulked with a double layer of calendrite. 

About 0.5 m. (20 in.) behind the up-stream side 
of the dams there is a drainage system carrying 
off leakage, consisting of vertical rows of 50-mm. 
(2-in.) drain pipes, from the surface of the rock up 
towards the crest of the dam. These pipes are 
connected to a collecting pipe with its outlet on the 
down-stream side. To this drainage system other 
rows of pipes lead from various points of the rock 
underneath the dam where leakage might make 
its way. The upper ends of the rows of pipes are 
connected by means of a nearly horizontal pipe, 
which is open to the air. 

The dam across the Kungsadra branch (Figs. 7 
and 8, Plate II) differs somewhat in construction 
from the others. The rock is here covered with a 
layer of sand 3 m. to 6 m. (10 ft. to 20 ft.) thick, and 
as the dam has been carried right down to the rock, 
the spillway is of a considerable height. So as to 
reduce the cost, arches have been arranged in the 
body of the dam, and filled with rubble. 

The down-stream edge of the spillways follows 
fairly closely the natural contour of the ground. 
In the Central Fall and in the Kungsadra branch 
(Figs. 5 and 7, Plate II) the dam ends in a slight 
slope or in small terraces, whilst in the western 
portion of the Great Fall the edge follows the rock 
down into the deep clefts on either side of a high 
rocky ridge, called the Monk. In the Great Fall 
the spillway on the down-stream side ends in a 
slope of 1:8, as there is plenty of additional fall 
for the water. The arrangement is different in 
the Central Fall, inasmuch as the dam is not 
situated immediately above the fall, the spillways 
here delivering the water in a horizontal direction. 
In these cases, the space from the back edge of the 
dam to the natural rock bottom has been covered 
with an apron of rough stone set in cement. In the 
Kungsadra branch, where the bottom below the 
dam is covered with a thick layer of softer sub- 
stance, this layer, nearest the dam, is protected by 
timber cribs (Fig. 8) filled with stone. In addition, 
the lower portion of the spillway is of such a shape 
that the water running off is thrown somewhat 
upwards, as seen in the view, Fig. 2, on page 31. 
Near the shore the concrete dams connect up to 
earthen embankments with a water-tight core. The 
crests of the earth dams are at + 23.60 m. and the 
breadth of the crest is about 3 m.; the slopés are 
pitched with stone at a gradient of 1:1.5. Tho 
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earth embankment round the southern point of the| The roller dam in the Central Fall (Fig. 6, Plate | gates (Fig. 3, Plate IL). At the end nearest the 
Salmon Island, with its crest at + 23.25 and of a IL) closes an opening, 20 m. (65 ft. 7 in.) broad | power station the canal expands into a broad basin 
breadth of 2 m. (6 ft. 7 in.), only rises slightly above | and 2.8 m. (9 ft. 2 in.) high. It consists of a steel for the distribution of the water to the different 
the natural level of the ground. Water-tightness is | cylinder, 21.62 m. long and 2.1 m. (6 ft. 10 in.) in | turbine chambers. On the east side the distribution 











secured by peat caulking between boards on the 
up-stream side. Earth has been piled over this 


and then covered with stones, at a slope of 1 : 2.5. | 


The openings in the dams are closed, as already | 


mentioned, by iron gates (Figs. 3 and 7), by a) 
roller dam (Fig. 6), and by wooden doors. Iu their 
closed position the upper edges of the vertical iron 
gates stand at a level +21 m., that is, at the 
same height as the fixed spillways; the level of 
the roller dam and of the wooden doors is + 21.10 m. 
The vertical iron doors in the dam of the Great 


diameter, fitted with a flat shield with an oak lip| basin is closed by a ferro-concrete wall, with 
which, when the dam is closed lies against the _ openings temporarily closed, but intended to let the 
accurately hewn edge of the opening. The roller water through to an additional turbine chamber, 
is divided by means of bulkheads into three should an extension of the power station be found 
chambers, of which the central one occupies the |expedient. The water intake of the inlet canal com- 
greater part of the length. The end chambers are prises two 12.8-m. (42-ft.) openings, with a sill at a 


intended for the reception of stoves, should it be height + 12.20 m. (Fig. 3, Plate IL), divided by 


found necessary to heat the grooves for the work- | an intermediate pier, 4 m. (13 ft.) broad. 

ing of the dam in winter. To prevent the roller The doors are generally kept hoisted, and to 
dam from being raised by high water below it, avoid them projecting too high they are divided 
all the chambers are fitted with doors on the down- | in halves. The upper halves, when being hoisted, 
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Fall are four in number, 3.6 m. (11 ft. 9 in.) high, | stream side, through which water can flow into the | are guided into a slanting position up-streamwards, 


with 10 m. (32 ft. 9in.) free opening, while there is 
one, 2.5 m. high (8 ft. 2in.), also with 10 m. free open- 
ing in the Kungsadra branch (Fig. 7). The doors at 
the Great Fall are fitted with a roller at the 
top and a bogie with two rollers at the bottom. 
On the door of the Kungsadra branch dam there 
are two rollers, top and bottom, running on cast-iron 
rails in the grooves of the dam piers. In addition 
there are guiding rollers and rails, to prevent the 
doors from moving sideways. Tightness is secured 
by means of an oak facing under each door, and by 
the door being pressed against an accurately hewn 
stone sill. There are also oak packings, fastened 
up-stream to the door by metal springs and running 
in grooves in the pillars, these grooves gradually 
becoming narrower towards the bottom. Over each 
door is an iron bridge carried by the piers of the 
dam, and furnished with a winch, which can be 
worked either by hand or electrically. 


interior. On the eastern pier is a winch, which | when the lower halves can be hoisted up vertically 


can be worked either by hand or by electricity.| and then tilted. Each half door comprises four 
The roller dam is operated by a heavy wire rope, horizontal main beams, between which there are 


and is rolled up toothed racks at each end. To vertical secondary beams. On the lower half door 


| prevent accident, should the teeth fail, the dam | the cover-plates, in the usual manner, are laid on 
|is held in the western groove by a chain. 


| 


| the up-stream side, whilst on the upper half they 
The ice outlet (see Fig. 1) near the canal intake, are on the down-stream side. In addition there 
in the dam of the Great Fall, is closed by means are guiding rails in the grooves of the piers and 
(of wooden doors, as is a smaller outlet in the land piers, which cause the upper half to assume 
|Kungsadra branch (Fig. 12, Plate IV.). The its proper position. The water pressure is trans- 
breadth of the ice outlet is 10 m., and its sill is| mitted by means of rollers on the Stoney system 
at + 19.50 m. The opening is closed by means to roller rails placed in the grooves of the doors. 
of ten wooden doors, which are operated by two |The doors are hung by chains from steel bridges 
hand winches. ,above and can be operated both by hand and by 
The intake canal lies on the highest ridge of rock | electricity. 
on the eastern shore of the river, and extends from| The canal has a breadth at bottom of.16 m. 
the dam of the Great Fall down to the power station. | (52 ft. 6 in.) and a depth of about 12 m. (39 ft.) 
The sides of the canal are formed of walls resting | below ordinary water level, and the speed of the 
upon the rock, and the intake can be closed by ian | Water should be about 1.10 m. (3 ft. 9 in.) per 
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second. The canal walls reach to + 24 and are|7.5 m. (24 ft. 8 in.), and in the lowest portion, | 


constructed with a batter of 7.5: 1. 

The distribution basin has its bottom at about 
+9m. The western canal wall is continued in 
a straight line to the power station, the latter 
portion, however, having a vertical front side 
instead of being battered. Against the power 


station this wall ends in an ice -outlet 2 m. broad, 
with its sill at + 18.25 m. (Fig. 10, Plate III), and 


a bottom outlet of about 0.5 sq. m. opening, which 
leads through a tunnel in the rock into the river. 
The ice outlet is closed by means of beams, whilst 
the bottom outlet is closed by a cast-iron door, 
which is operated by hand by means of screw gear. 
On the bottom of the distribution basin, parallel 
to the power station, runs a groove cut in the rock 
and ending in the bottom outlet (Fig. 10, Plate ITI). 
The eastern wall of the distribution basin turns in 
a curve until it is almost parallel with the power 
station and distant from it about 15 m. (49 ft.) 
(see Fig. 1, page 30). The interval which is formed 


here is closed with a ferro-concrete screen, as | 


already explained. 
In both walls of the distribution basin iron 
pipes have been inserted, intended to serve as 


beneath level + 9 m., 6.4 m. (21 ft.). The water 
| flows into the chambers over concrete sills at a 
height of +9 m., and the length of the chambers 
| inside these sills is about 16 m. (52 ft.). Their total 
| constructive length is close upon 30 m. The parti- 
| tion walls between the chambers are let into the 
bottom of the chambers; in addition they are 
mutually connected by two strong reinforced-con- 
crete beams, 1.5 m. high, with their lower edges at 
level +18 m., and by a screen of reinforced 
concrete, which also serves as a closing partition 
against the distribution basin above the level 
+ 18 m. (Fig. 10). The walls are doubly reinforced 
vertically from a level —0.7 m. to the upper 
edge. The walls towards the machinery hall are 
constructed as reversed arches and are strongly 
reinforced, in the upper part with steel bar, and 
in the lower with plate. The thickness of each arch 
above the level of + 20 m. is 0.3 m. (12 in.), and 
between this level and level + 9.25 m. 0.6 m. (2 ft.). 
Below this latter height the arch is incorporated 
with the up-stream wall of the machinery hall. 
The dimensions of the turbine chambers will be 
realised from the fact that the quantity of concrete 
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outlets for eels. They proceed from the above- 
mentioned groove in the bottom of the distribution 
basin to wells located in the wall. By special 
arrangements a current of water from the distribu- 
tion basin is created in these pipes, whereby the 
eels are sucked up into the wells, from whence they 
are sent into wooden trunks, leading down to the 
water level of the river. The eastern trunk is built 
in connection with a salmon ladder for downward- 
bound salmon, beginning in an opening in the wall 
in the distribution basin, proceeding east of the 
power station, and ending in the outlet canal. 

The turbine chambers (s2e Figs. 9 and 10, Plate 
IIT) are five innumber and are of ferro-concrete ; the 
water flows in from the distribution basin through 
openings of about 65 sq. m. (700 sq. ft.) area 
each, closed by iron doors. Above the level of 


+9 m. the chambers are divided into three’ 


groups of respectively 1, 2 and 2 chambers. The 
crowns of the chambers are at the level + 24 m. 
and their bottoms at the level +430 m. The 
concrete walls are thus almost 20 m. (65 ft. 7 in.) 
high. The distance from centre to centre of the 
turbines is 10 m. The thickness of the inter- 
mediate walls above the level + 20 m. is 1 m., 
between this height and the level +9 m. the 
thickness of each wall of the pairs dividing the 


gcoups is 1.5 m., and of the single walls 2 m.| 


Below the level + 9 m. all the intermediate walls 
are 3.6 m. (11 ft. 9 in.) thick. The breadth avail- 
able for the water in the chambers is thus in the 
upper portion 8.5 m. (27 ft. 11 in.), in the next part 


used for the walls amounts to about 9,500 cub. m., 
and the iron used for reinforcing to about 800 tons. 

The walls and bottom surfaces of the chambers 
are finished with a layer of cement, 4 cm. (1.2 in.) 
thick nearest the bottom, and 3 cm. thick higher 
up. To prevent cracking of the surface, wire netting 
was inserted in the cement plaster and attached 
to wires in the concrete. To make this layer as 
tight as possible, ceresite was added to the last 
layer but one of cement, put on during the 
plastering. 

The turbine chambers can be closed by means 
of doors made of beams and strengthened with iron 
girders, in addition to the iron gates already des- 
|cribed. _ These doors (Fig. 10, Plate ITI, and Figs. 13 
and 14, Plate IV) are divided into two, horizontally, 
each half being constructed with three horizontal main 
girders, between which are vertical beams. The 
covering is of buckle plates. Each half gate, with 
four roller carriages, two on each side, rests against 
rails in iron grooves. The halving of the gates has, 
amongst other advantages, that the pressure dis- 
tribution on the different rollers can be exactly 
calculated. The gates are coupled together and 
are thus both hoisted simultaneously. When the 
closed gates have to be opened, the upper one is 
raised slightly by means of hand-operated jack- 
screws. The lower half then follows, water being 
let in through the interval between the upper and 
the lower gates. The turbine chamber can also 
be filled through two hand-operated valves (Fig. 13) 
placed in the covering of the upper gate, It is not 





until the water level in the turbine chamber 
risen to about the same level as that of the dis- 
tribution basin that the gates are raised by winches, 
which can be worked both by hand and by electricity. 
Water-tightness is secured by oak packings. For 
protection against weather and wind the gates are 
sheltered by a wooden structure (Fig. 10). In 
ordinary cases the gates need not be raised any 
higher than is necessary to allow of the water opening 
being quite free ; but for the purpose of repairs they 
can be raised so that the bottom edges are about level 
with the crown of the concrete walls, and in that 
case they project through the roof of the wooden 
structure, which for this purpose can be opened. 
Behind the grooves for the gates there are steam 
pipes let into the wall, so as to prevent the gates 
from freezing fast. 

Inside the gates the ice-guards are placed. They 
are supported by the sill underneath the gates and 
by a strong iron trestle. The ice-guards are made 
from 18 by 50 mm. (0.7 by 2 in.) rolled iron, with 
rounded edges, joined in sets of seven-each ; they 
are divided horizontally into halves; the free 
distance between the bars is 20 mm. (0.8 in.). 
The ice-guards are designed to be heated electrically 
and are insulated from their supports by means of 
oak blocks. The necessary transformers for the 
heating of the ice-guards are placed in an addition 
to the wooden structure over the gates. 

The turbine chambers are covered with a plank 
roofing, resting on iron girders. In the bottom of 
the turbine chambers there are emptying valves 
(Fig. 10) operated from the roof. Outside the 
eastern walls, on a level with the crown of the 
turbine chambers, there is a branch line to the 
Upsala-Giifle Railway (Fig. 1); over the turbine 
chambers and the railway line there are rails for a 
travelling crane. The goods for the machinery 
hall are lowered through a shaft between the 
railway line and the eastern wall of the turbine 
chamber. From this shaft rails run into the 
generator hall. The crane in question has a span 
of 16.5 m. (54 ft. 2 in.) and has two hoisting gears 
of respectively 10 and 50 tons capacity. 

The machinery hall of the power station is 13.7 m. 
(45 ft.) broad, 13.55 m. (44 ft. 6 in.) in height, and 
61.87 m. (203 ft.) long. The distance between the 
units, as already mentioned, is 10 m. The floor is 
at the level + 5.50 m. and thus 0.7 m. below the 
exceptional high-water level in the outlet, which 
reaches a height of + 6.20m. Below the floor are, 
further, the pits for the generators, a cable conduit, 
and some of the controlling appliances for the 
turbines. Special precautions had to be taken to 
keep out the water. The foundation of the generator 
hall consists of a reinforced-concrete base above 
the suction pipes. Above this and along the vertical 
walls damp-proof asphalt slabs have been laid, 
and on the inside of the vertical walls reinforced 
concrete has been laid, strong enough to resist any 
possible water pressure that might arise. In the 
concrete above and inside the damp-proof courses 
there is a drainage system, which terminates in a 
sump at the western end of the wall. On the up- 
stream side the asphalt course is traversed by 
warm-air channels from the generators. These are 
drained to a pipe which also ends in the above- 
mentioned sump. The floor is covered with Metlach 
tiles. 

The outer walls of the machinery house are built 
of brick, hard hand-made bricks being used for the 
outside. On the inside the walls are covered with 
glazed tiles in their lower part and plastered above. 
The roof is supported by iron brackets and con- 
sists of an inner roof of reinforced concrete and an 
outer roof of tiles on wood. At both ends of the 
building the cold-air intakes project above the 
roof; they are wooden structures with iron trellis 
openings. The greater number of these openings 
are in the eastern tower, and from there the air is 
conveyed between the inner and the outer roof to 
the western end of the building, where it mixes 
with the air flowing in there and proceeds through 
a vertical trunk of scagliola down to the cable 
conduit below the floor of the machinery hall. The 
outer roof and the cold-air intake are covered on 
the inside with plate iron as a protection against 
fire. From the warm-air channels between the 
turbine chambers and the up-stream wall of 
the machinery hall, flues lead partly to the 








ENGINEERING. [Juny 14, 1916. 





32 

machinery hall for the sake of heating it, and 
partly to the interval between the outer and the 
inner roof to temper the cold air. The superfluous 
warm air passes out through wooden outlets with 
iron trellis, placed above the warm-air channels 
in the turbine pools, but when required it can be 
led into the turbine chambers to prevent the for- 
mation of ice there. 

In the machinery hall a 66-ton travelling crane 
of 13.2 m. (43 ft. 4 in.) span is installed. The 
machinery hall contains the regulating appliances 
for the turbines, the generators, which will be dealt 
with in a subsequent article, and pump and ejector 
for emptying the sump, to which. reference has 
been made above. The ejector receives its driving 
water from the distribution basin. From the 
eastern end of the machinery hall a spiral staircase 
leads down to the cable conduit. At the western 
end of the hall there are two galleries, one for 
instruments and the other for visitors. 

The level of the water below the outlet canal 
varies from + 6.20 m. with exceptional high water 
to + 2.15 m. at low water. When the Masur Fall 
is dredged, the low water level will be lowered to 
about + 0.65 m., whilst the higher water level will 
be only slightly affected. The outlet canal has 
been designed with a view to such dredging. It is 
about 50 m. broad and its bottom rises from about 
height — 6.50 m. nearest at the machinery house to 
about height — 3.0 m. at the outlet into the river. 
Along the western side of the canal a training wall 
proceeds from the machinery house, about half the 
length of the canal. Its purpose is partly to prevent 
the canal from becoming shallow from mud carried 
along by the river, partly to lower the water level 
in the canal. So far this wall has only been carried 
just above mean water level; but should, at high 
water, too much mud be swilled into the outlet 
canal, the top of the wall can be raised. 

(To be continued.) 





ROADS AND PAVING. 

ROAD-MAKING with all that facilitates transport, 
whether of goods or passengers, contains problems 
that interest the engineers of all nations, and con- 
sequently the need for International Road Con- 
gresses has made itself felt. The last was held in 
London in 1913, at which many urgent questions 
were discussed, and the deliberate decisions of the 
many experts present will be received with due atten- 
tion by all who are interested in the maintenance of 
highways. From these decisions may be inferred 
the defects in present construction, and the methods 
that suggest themselves as practical remedies. 
There is, however, another source of information, 
namely, that to be drawn from the examination of 
roads that have been submitted to different amounts 
and character of traffic, for every roadway may be 
regarded as an experiment in paving and paving 
construction. Moreover, it is an experiment from 
which conclusions can be drawn only after a con- 
siderable lapse of time and the due consideration 
of many variables that are not found collected 
within a small area. The varying gradients of the 
streets, the amount of rainfall in the district, the 
range of temperature, easy access to suitable 
materials and many other factors have to be taken 
into account before the permanent efficiency of a 
particular method can be established. A com- 
parison of the results attained therefore under 
different circumstances and also under different 
methods of administration is a valuable guide in 
indicating correct procedure under new conditions, 
and such an assistance has been provided by 
Mr. H. W. Durham, the Highway Engineer of the 
Borough of Manhattan (N.Y.) and a delegate to 
the London Congress, who has embodied the results 
of his observations made during a visit to many 
of the principal towns of Great Britain and Europe 
in @ report,* now before us. This report, though 
intended in the first place to substitute accurate 
information concerning the pavement maintenance 
conditions in the most advanced municipalities 
of the world “in place of the vague generalities 
and unintelligent criticisms frequently used about 

* Street Paving and Maintenance in European Citi 
A by Henry Welles 


the Bureau of Highways, City of New York, Office of the 





New York pavements,” may well serve a. wider |/eaves the general impression that Manhattan has 
end and appeal to a larger public. nothing to learn from London or from Europe, 
There is ample evidence that Mr. Durham has | and that it is only rare and occasional pieces of road 
suffered at the hands of amateur critics, and his | construction that can compare with the best work 
experience will have been shared by many other of New York. America no doubt has profited by 
road engineers. The many variables in the general the abundant supply of bituminous binding 
problem to which we have alluded are very in- materials, obtained from natural deposits and from 
sufficiently weighed by an impatient public, who) petroleum distillation, which were employed in 
consider only their own convenience and find | American road-making while we were still experi- 
repairs as annoying as the evils they are intended menting with mud-binding, and had not recognized 
toremove. The passenger who finds a thoroughfare | the contradiction implied in the term “ water- 
obstructed recalls with a sense of injury the smooth, | bound roads.” It is now admitted in this country 
resilient roadways over which he has driven in| that some kind of pitch or bituminous material 
some other town and condemns the local authorities | is required to bind the stones in the road crust, 
as very inefficient, since they have not provided |So as to ensure a real cohesion and one resisting 
equally luxurious travelling. He is apt to forget entrance to water. The cost of construction is 
that his attention was confined during his chance | increased by the use of such materials, and will 
visit to the best residential streets and the most not grow less in face of the severe competition for the 
ornamental quarters of the town, and that a more | possession of tars and refuse from our gas works. 


intimate acquaintance with all the circumstances 
is necessary before he is in a position to recommend 
some particular practice to the notice of the road 
engineer, who soon wearies of uninstructed criticism. 

Mr. Durham, we may be sure, does not fall into 
the error of comparing the maximum results, 
on which generous expenditure has been lavished, 
with the average conditions, or with those in which 
unusual difficulties have had to be overcome. | 





The author also is silent on another point of 
great practical importance. He refers necessarily 
to light and heavy traffic, but he does not discuss 
or insist upon the change that has overtaken 
vehicular traffic, involving as it does a study of the 
action of the wheel on the roads according to the 
varying type of vehicles running, a feature of such 
importance as to. displace in some measure the 
consideration of good foothold for horses. Motors 


His examination has been as thorough as time and mechanical transport demand a hard road 
permitted of all that is typical of the best paving | which will not be slippery, but horse-drawn and 
practice in European cities, noting the points, if | mechanically-propelled vehicles are likely for many 
any, of superiority in the methods and results over | years to travel on the same surface, and it is difficult 


American work. Mr. Durham hopes that his true 
picture of the conditions that obtain in European 
streets and the deductions that he has drawn will 
prove “an answer to unjust and assist helpful 
criticism.” We trust he will not be disappointed, 
but in any case such a comparative review is as 
interesting as it is occasionally necessary, if we 
would forsake the well-worn grooves of easy repeti- 
tion and meet the changes that constant improve- 
ment in vehicular traffic necessitates. It should 
be, moreover, a salutary and profitable lesson to 
see ourselves as others see us. We can too readily 
tolerate that to which we are long accustomed, 
and we require the knowledge of what other nations 
are effecting, and what standard of excellence they 
have adopted, to spur us on to greater efforts, or, 
it may be, to teach us the necessity of submitting 
to inevitable evils. Mr. Durham’s report is in- 
forming rather than critical. He sets down what 
he has seen, emphasizes his observations by many 
typical photographs, and invites us to draw our own 
inferences. He submitted to be led about by high- 


to accommodate the claims of each. The problem 
for the engineer is not made any simpler by the 
frequent necessity for providing tram lines through 
the centre of the street, with insistence on the main- 
tenance of a practical continuity of surface with 
close and permanent contact between the road and 
rail under all conditions of use and temperature. 
The comparison between the road construction 
that prevails in many countries discloses the 
striking similarity that pervades the practice in 
general. The choice of materials is limited, and 
the methods of formation permit little variety. 
Administration, too, varies more in name than 
in intention, the control being usually vested in 
the direction of a municipal elective body, and 
only minute differences are noticeable in the 
distribution of responsibility. The administration 
in this country is of a very motley character, 
notwithstanding that much has been done of late 
to simplify the mechanism of our highway boards 
and trusts. It would pass the wit of man to 
explain the operation of the many authorities and 





placed officials and cordially admired the best-side 
of their work, but breaking away from this kindly 


supervision, he traversed many miles of streets in | 


the differences of administration that characterize 
| the control of the road between London and Holy- 


} 


a . head, or any similar length of highway. In 
the towns visited, noting not only the good points, | the French system a more homogeneous organiza- 
but the inferior conditions prevalent, storing up tion exists, dispensing with that regard for vested 
evidence of the ordinary methods of doing con- interests and historic precedent so reverenced by 
structive, maintenance, and repair work, when not | the British public. It may therefore be a matter 
under formal inspection. |of congratulation that an unprejudiced critic 
The survey was limited to Great Britain and the | is able to record that, “judging from the results, 
countries of Central Europe where the conditions| the illogical arrangements prevalent in Great 
of climate and of traffic resembled those obtaining Britain are more efficient than the simpler arrange- 
in New York. Russia, the Scandinavian countries, | ments pursued in France.” Germany, who regards 
Spain and Southern Italy were excluded by reasons | scientific organization as the one thing needful, 
of climate, and, further, critical examination was exercises through its central government powerful 
restricted to large towns, sea ports, business and | control over all street arrangements, settling many 
manufacturing centres, since only in such places | trifles that in less paternally governed countries 
would the traffic conditions of New York be approxi- | are left to the will of the individual, and securing 
mately repeated. As a consequence, nothing is| by the omnipotent whip of authority “a very 
said of that network of country roads, with which | uniform standard condition of streets throughout 
we are familiar, connecting village with village, each municipality, and regulating matters down to 
roads that in the aggregate carry much traffic such details as the proper colour of flowers to 
and maintain a very fair surface, not being rendered achieve uniform effect in window boxes.” 
uneven by motors or severely broken into holes.| Whatever may be the constitution of the govern- 
Had Mr. Durham’s comprehensive survey included ing body that controls the management, the practice 





President, Borough of ttan. 1913. 


comparison between these less-used roads and those 
fulfilling a similar purpose in the States, we think | 
so impartial a critic would have given a verdict | 
in our favour. We enjoy not only the advantage 
of an older construction, but the comparative 
excellence of such country roads depends greatly on | 
the evenness of the distribution of population. 
Small scattered communities usually dispense with 
a well-consolidated road crust, for they cannot | 


of contracting for the necessary work with private 
firms is nearly universal, but even here the severe 
discipline in which the German State holds its 
subjects enables that country to score another 
triumph. The justice of long guarantee contracts 
for the maintenance of pavements has been much 
criticized in less officially dragooned countries, but 
Berlin not only insists on practically a perpetual 
guarantee, but justifies her practice and recommends 


afford to maintain such long and little-used roads in| her tactics as worthy of imitation.. Admiring 
efficient repair. Of metropolitan roads, Mr. Durham | citizens, who always praise the action of State . 
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officials applaud, and perhaps rightly, but whether 
the contracting firms are as well pleased with the 
arrangement may be doubted. All the burdens 
seem to be heavily weighted against the contractor. 
After construction, he has to maintain the pavement 
in good condition for four years free of charge, 
and for the next fifteen years at the annual rate of 
5d. per square yard. After the lapse of nineteen 
years, the price is increased to 6d. per square 
yard per annum. Finally the rate of maintenance 
from the thirtieth to the fortieth year is increased 
to 7d. per square yard. Since the contractor has 
to maintain not only the asphaltic carpeting, but 
also the concrete bed, the agreement can be in- 
definitely prolonged. Should in the course of years 
the condition of the concrete be deteriorated to 
such an extent that its renewal is necessary, the 
contractor must restore the foundation just as he 
does the asphaltic covering. The German engineer 
who supplies this information must be a humorist, 
for he adds, “the great advantage of the whole 
system lies in the fact that the contractor can 
never free himself from the agreement . . . on 
his part he has the certainty of work at fixed prices.” 
We hear nothing of a strike clause, or of any arrange- 
ment to meet a rise in wages in forty years or more. 
Whatever we may think of the equity of the terms 
imposed, the engineer is able to point to the good 
condition of the asphaltic streets in proof of the 
success of the method. Mr. Durham, however, 
speaks in terms of qualified praise of the Berlin 
streets. ‘‘ While those in the main city are in fair 
order, but not noticeably good condition, in many 
cases poor maintenance can be observed, quality 
seeming to vary inversely with the amount of traffic.” 
In the newer Berlin and the parts now under con- 
struction, however, the streets leave little to be 
desired, and here may be “ found probably the best 
appearing compressed rock asphalt pavements in 
existence.” But while maintenance work is not 
everywhere carried out promptly, of the cleanliness 
Mr. Durham speaks in high praise. The famous 
“Unter den Linden” (a broad avenue, a mile 
long, nearly 200 ft. in width, having wide footways, 
two driveways, and a central parkway) is cleaned 
with a thoroughness unequalled elsewhere, electric 
combined sprinklers and squeegee machines are 
constantly in use, leaving a surface as absolutely 
clean as is possible on a street pavement. This 
fine street, continued by a succession of avenues 
through the main city park, past Charlottenburg to 
Grundwald, forming for several miles one of the 
finest roads in the world, elicits and deserves the 
author’s warm admiration. 

Berlin, it must be remembered, enjoys the good 
fortune of being the youngest born of all the capitals 
of Europe, so completely do the additions of the 
last forty years outweigh and overshadow the 
ancient nucleus that gave them birth. The mileage 
of new streets added may not be greater than 
that by which London has been increased within 
the same time, but in proportion to the older portions 
the difference is far more marked in Berlin than in 
London. Of all that has been learned of town 
planning, Berlin has availed herself, all that makes 
for facility of transport or increases the amenities 
has been incorporated into the design. The streets 
are scientifically laid out, all necessary sub-surface 
structures are inserted previously to paving, and 
the streets are absolutely completed in advance of 
building operations. The preparatory work being 
effected in logical sequence, little or no subsequent 
disturbance of the surface is necessary. Mr. Durham, 
to whom street openings are evidently anathema, 
is loud in his praise of the thoroughness of German 
methods. He is evidently impressed with the 
possibilities of the German metropolis of the future, 
and he foresees, as all must, that by the addition 
and consolidation of the suburbs of Charlottenburg, 
Wilmersdorf, &c., the city proper will provide a 
worthy habitation of the centre of the German 
Empire, even though its destiny equals its 
ambitions, 

What has London with its ancient traditions 
and hampered by its hoary growth to compare 
with this new birth and heir to the experience of 
all the ages ? How does our overgrown metropolis, 
with its possibilities limited by the extent of its 
past services, impress the trained expert skilled 
in the newest devices of road construction and 





town planning? We may tolerate from historic 
association and long custom the inconvenience and 
shackles that are at once the evidence and the burden 
of past greatness ; but how will the modern engineer, 
fresh from the creations that unlimited resources 
and lofty ambitions have executed, view our puny 
efforts to adopt the ill-fitting growth of an unlovely 
past to the exacting requirements of the t, 
and the ever increasing demands of the Soe 
Mr. Durham’s verdict is precise and inevitable. 
London, he tells us, “ has never been laid out on 
any plan, and includes the most unsystematic and 
complicated aggregation of streets in existence. 
No one street has any fixed continuous direction 
or even uniform width.” A consequence of this 
irregular, or lack of, plan is that the streets of 
London “have to carry the heaviest and most 
complicated traffic in the world, rendering pro 
pavements of more importance but of more difficulty 
to construct than in any other place.” 

Apparently we have nothing that will compare 
with the Kaiserdamm Boulevard and the Doberitzer 
Heer Strasse. We may think that our Thames 
Embankment possesses some good features, that 
we have there solved the problem of making a road 
whose surface remains uninjured under excessive 
traffic, which is neither dusty in dry weather nor 
exuding mud in wet, where transport is easy both 
for passengers and goods, and where the rain water 
dries off quickly. But our critic is not impressed 
by the result, though he directs attention to the 
number of experiments of which that avenue 
has been the scene in the last ten years. With 
the exception of one or two prominent intersections 
—Oxford Street and Tottenham Court Road are 
thought worthy of notice in this connection—no 
granite-paved streets are equal to the best in 
Manhattan. The “ water-bound macadam ”’ streets 
are considered fairly satisfactory for the middle 
class and poorer districts. In point of cleanliness, 
however, we score over New York, and it is ad- 
mitted that our minor thoroughfares and side 
streets receive equal attention with the more 
frequented. The control of the traffic by the 
nod of the omnipotent and unruffied policeman 
meets with due acknowledgment. 

Paris the author appears to have visited at an 
inconvenient hour, when she did not appear at her 
best. ‘The’ streets were in a chaotic condition, 

from the old order of traffic to the new, 
but its possibilities were regarded more favourably 
than those ‘of London. The reconstruction of the 
main lines of thoroughfare under the third Napoleon 
gave to the city a better organized plan than is 
to be found in the great towns of Europe, producing 
a system of radial and circulating avenues. The 
general plan of traffic communication is comparable 
with that of Washington, while the provision of a 
series of boulevards occupying the site of the old 
city walls adds a character of unique interest. 
The street traffic and pavement problems are fairly 
comparable to those of New York, and the same 
may be said of the number of the disturbances 
of the street surfaces on account of excavations, 
tunnels, &c., creating the appearance of a general 
upheaval. Large areas at present unsatisfactorily 
paved with macadam, stone, and wood were being 
repaved with new asphalt, giving an unfinished 
appearance to the streets. These renewals are 
carried out under the Public Works Department, 
a highly centralized organization, more efficient 
than the scattered and independent control with 
which we are familiar in Greater London, and at 
the same time admitting of no opening for lack of 
co-operation or for friction between various civic 
authorities, of which examples may be found in 
the United States. That the organization is efficient 
and working smoothly is shown by the long-time 
contracts into which it enters and the apparently 
equitable terms arranged with the contracting 
firms. We have already referred to the character 
of the contracts concluded in Germany, and the 
contrast with the French methods is striking. 
The author considers the form of specification 
agreed upon between the contracting parties so 
exemplary and valuable that he has given it in 
full in the Appendix. It is more worthy of imita- 
tion than the masterful methods evolved by German 


Paris it is admitted has held leading rank as a 





city of fine pavements. “The advent of motor 
traffic has brought in a different and higher standard. 
Before the war, Paris had ized the necessity 
of reconstructing the surface of the streets with 
material more suitable to present requirements, 
and was prepared to spend large sums to regain 
the former position of pre-eminence. The débacle 
of the war has necessarily interfered with the 
programme. 

The same overwhelming disaster makes it difficult 
to write of or to recall the pleasant granite-paved 
streets of Brussels, ringing as are under the 
iron heel of her wanton But it is 
mainly in the old city that the narrow irregular 


to be found in the main business quarter and the 


per | streets adjacent. A feature from a technical 


point of view is the thinness of the concrete bed, 
on the average about 4 in.; but owing to the light 
traffic the foundation seems to be ample, the pave - 
ments on the whoie ting a uniform surface. 

Vienna has enj the advantage of being judged 
by the fine appearance presented by the semi- 
circular line of boulevards known as the Ri 
diverting attention from the narrow and less 
carefully maintained streets contained within the 
site of the older fortifications. The Ringstrasse 
has a total width of 187 ft., allowing for the con- 
struction of “ two-service roadways, two parkways 
and a central driveway, in addition to side walks.” 
The terms are American and we may not translate 
them accurately, but — conjure up a pleasant 
picture, furnishing the road engineer with ample 
opportunity for the display of his science. The 
pavement in this favoured district is asphalt, 
but the great majority of the streets of Vienna 
are paved with large granite blocks, from 8 in. to 
10 in. on a side, laid in diagonal courses on sand 
or gravel foundation, The tendency to replace 
the granite blocks by a pavement of rock asphalt 
or of wood is growing. Where the pavement is 
of soft wood, signs of decay are noticeable, but 
on the whole a fairly good condition is maintained. 
The stone-paved streets have an irregular surface, 
and since the stones rest on no stable foundation 
and are unprovided with solid joints, they are 
liable to settlement, while the streets can become 
very dusty. Many of the side walks, says Mr. Dur- 
ham, are constructed of large paving blocks, and 
are as rough as the roadways. But Vienna has 
felt the necessity of putting her house in order, 
and before the war was preparing to replace the 
stone-block paving with some type of asphalt. 

It is naturally to the capitals that we look for 
specimens of the best workmanship and for evidence 
of enterprise in maintaining the appearance of the 
streets, but it is equally instructive to examine 
and contrast the manner in which the problem is 
treated in towns of less importance, and especially 
to compare the methods and results in places where 
the industries and the character of the traffic are 
similar. Thus among sea ports at home, Liverpool 
and Glasgow can be compared with Hamburg, 
Antwerp and Bordeaux abroad; among manu- 
facturing centres Birmingham and Newcastle with 
Lille, Cologne or Dusseldorf. Ancient cities in 
whose streets the hum of traffic is subdued, like 
Oxford, Chester or Edinburgh, can be matched with 
The Hague, Lucerne and Nancy. At the same 
time we get glimpses of civic government and of 
the varieties of executive responsible for local 
administration. 

(To be continued.) 





Tue Irauian Steamer “ Mitazzo.”—We read in the 
Rivista Marittima that steamer No. 109, the —— 
was launched on May 14 at the M yard of the 
Fiat San Giorgio ee She is fSing built for the 
Navigazione Generale > for the transport 
of coal, The ae dimensions are the er — 
Extreme length _ 156 m. = 512 ft. 
between “Perpen- 


diculars . 150 m. = 492 ft. 
Breadth 20 m. = 65 ft. 7 in. 
Depth of hold * 10 m. = 32 ft. 10 in. 
ee carrying capa- 

city 14,200 tons. 


The vessel carries 20 Nevada transhipment a tus, 
which enable her to be loaded and end’ enitaded tai the 
course of about two days. She can carry also 4,500 tons 
of oil fuel in her double bottom. The engines are quad- 
ee A sister ship, the 
Volturno, is now on the stoc 
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On the present and opposite pages we illustrate a 
remarkable machine for cutting double helical teeth, 
designed and patented by Mr. W. F. Sykes, and con- 
structed and used by the Power Plant Company, of West 
Drayton, Middlesex. The machine is a development of 
the principle underlying the now well-known Fellowes 
gear-shaper. 

The teeth are formed in the blank by cutters which 
are themselves gear wheels. The blank and cutter are 
caused to roll together with the velocity ratio appro- 
priate to the number of teeth on each. At each suc- 
cessive revolution of the blank the latter is fed in 
towards the cutter, this being continued until the full 
depth is obtained. The teeth of the blank are therefore 
“‘ generated,” but as compared with hobbing machines, 
which also generate the teeth cut, it is claimed that a 
much higher degree of accuracy is attainable in the 
cutters used than is commercially practicable in the case 
of hobs. The teeth of the cutters, after forming and 
hardening, are ground to perfect truth in an automatic 
machine, which we hope to describe and illustrate at 
a later date. 

Referring to our illustrations, a front view of the 
machine is represented in Fig. 1, whilst Fig. 2 shows 
the back. In the foreground of Fig. 1 is shown a 
wheel cut in the machine, and it will be noticed that 
the teeth resemble cast double helical gearing in 
meeting in a sharp angle without the clearance between 
the two sets of teeth which is necessary in the case of 
hobbed gears. ‘T'wo cutters are employed, one of which 
cuts the teeth belonging to the left-hand helix, and the 
other those corresponding to the right-hand helix. The 
cutters are reciprocated to and fro by cranks, and can 
therefore be caused to cut “to a line.” It is this 
feature which makes it ible to abolish the clearance 
between the two sets of teeth. As the cutters recipro- 
cate they are twisted by the action of rifle-bars, this 
giving the helical motion required. At each cut both 
cutter and blank are turned together through a small 
angle by means of a ratchet mechanism, so that the 
two roll together with the relative velocity appropriate 
to the number of teeth on each. The action is very 
rapid, the work being finished in about half the time 
necessary with hobbing machines, and in but one- 
twentieth of the time necessary when the teeth are 
cut by end mills. The precision attained is, moreover, | 
of a very high order. 

The construction of the machine is clearly shown in | 
Figs. 3 to 10, page 35. The base of the machine 
consists of two deep and rigid bed-plates, A and B, 
bolted together at right angles to each other. The 
cutters and their gear are mounted on A, and the blank 
to be cut on B. This blank is not shown in position in 
either Fig. 3 or Fig. 4, but it is secured to the end of the 
casting V, as shown at C in Figs. 6 and 7. The blank 


| worm-wheel is rotated by the bevel gear shown at I, 


Fie. 1. 

















is driven round by the worm-wheel shown at D, the | the pawl for which is driven by a link from the shaft 
motion of which is derived from the change-gears Q. This shaft Q carries at its inner end the disc crank 
represented at E. which actuates one of the slides or saddles G, the other 
The two cutter heads are represented at F, Figs. 4, deriving its motion from the shaft R. By additional 
8 and 10; the shafts carrying them are mounted on | bevel gearing the ratchet wheel P is coupled to the 
the slides or saddles G. Each of these shafts is change gears E for the blank rotating gear. : 
integral with a spur-wheel H, Fig. 9, which gears with| The cutters, being essentially planing tools, require 
the wheel L ; the latter is integral with the rifle-bar K, | to be relieved on the return stroke. To provide for this 
which passes through a rifled hole in the worm-wheel J,| the heads carrying them are pivoted or hinged, 
Figs. 4 and 8. When the tool is in operation this | enough freedom of motion being allowed to permit of 
the clearing of the tool without interfering with the 
and by the same mechanism as produces the correspond- | gearing together of the wheels H and L. The arrange- 
ing rotation of the blank being cut. A claw clutch M | ment is set forth in detail in Figs. 8 and 9. To ensure 
of many teeth couples the driving member of these a positive clearance of the tool on the return stroke the 
bevel wheels to the shaft N, which at the other end is | friction rods shown in Figs. 8 and 10 are provided. 
connected by other bevels with the feed shaft 0. By | These rods slide in the fibre bushing shown in Fig. 10, 
adjusting this clutch the relative angular position of | the grip of which on the rod can be adjusted by the 
the two cutters to each other can be varied ag required. | friction bolt shown. The resistance offered by this 
This feed shaft O is actuated by the ratchet wheel P, | bushing on the return stroke swings the cutter clear of 
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THE SYKES GEAR-CUTTER FOR DOUBLE HELICAL TEETH. 
CONSTRUCTED BY THE POWER PLANT COMPANY, ENGINEERS, WEST DRAYTON. 
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the work. To facilitate the operation of the machine 
the change gearing for the rotary feed is arranged so 
that the driving wheel has the same number of teeth 
as the cutter, and the driven wheel the number of teeth 
to be cut. 

_The spirally fluted rifle-bars in conjunction with. the 
diameter of the cutters control the spiral angle of the 
teeth. In the present machine the spiral flutes have 
a lead of 74 in., the gear wheels H and L are in 2 to 1 
ratio, so that the cutters travel 37 in. for one revolution. 
Cutters of 5 in. pitch diameter are generally used, in 
which case the spiral angle is 23 deg., as given by the 
formula— 


Tan. onieel _. Pitch circum. of cutter 
‘an. spiral angle lead 





' It will readily be understood that by merely using a 
suitable diameter of cutter any spiral angle may be 
obtained, for instance— 

+9 diameter cutter = 27 deg. spiral angle. 


ry ” ” ” ” 
8-in. 


” » = 35 ” ” 


Alternatively the spirally fluted bars may be changed 
or the ratio of the gear wheels may be altered. It is 
found in practice, however, that all requirements are 
met by the range of choice derived by merely placing in 
position cutters of suitable diameter. 

The hand wheel U and screw T, Fig. 4, serve to adjust 
the work-saddle to accommodate various sizes of 
wheels and also to feed the cutters to correct depths. 
An automatic mechanism for this latter purpose has 
been designed but not yet applied. The serrated clutch 
M provides, as already explained, means for breaking 
the inter-connection of the cutters, so that they can be 
independently adjusted. A photograph of one of the 
cutters used is reproduced in Fig. 11. 

It will be gathered that the operation of the machine 
is very simple and entails little labour. 

By a slight modification straight-tooth gears may be 
cut, and as two cutters are in operation simultaneously 
and as the range of travel is large, a quantity of straight- 
tooth gears may be cut at the same time. Stepped 
or staggered straight-tooth spur gears may also be cut. 
Perhaps the most generally interesting feature of the 
machine is its ability to cut teeth with pointed apices ; 
that is to say, the right and left-hand portions are 
joined at the centre, similar to machine-moulded teeth, 
but naturally much smoother and more accurate. This 
is possible because the cranks provide a positive and 
unvarying travel for each cutter, and consequently each 
cutter is easily arranged to reverse at a predetermined 
point. The cutters, of course, work alternatingly, 
i.e., when one is on its forward stroke the other is 
returning. When one cutter has taken a cut, a burr 
or a portion of a o~ is left, but the other cutter takes 
this off and presumably leaves another burr, to be taken 
off by its fellow. It would seem that finally a burr 
would be left, but this is not the case. This action is 
difficult to describe clearly, and must be seen to be fully 
understood. There is no doubt, however, that a 
perfectly smooth finish is produced without the slightest 
trace of a burr or blemish of any kind. The gears cut 
on this machine appear to be very accurate in action. 
They show a perfect bearing surface over their whole 
length and are highly polished. 

About 2,000 gears have so far been cut on the 
machine ; most of them are used on very important 
work where they have to meet exacting requirements. 
The smallest diameter of blank that can be cut is }in., 
and the largest 25in., so that gears having the remark- 
able ratio of 50 to 1 could be produced if desired. 

Other machines are being made of various sizes. 
One is designed to cut wheels for turbine speed-reducers. 
Its largest capacity is 6 ft. diameter, 24 in. wide, 2 in. 
pitch. The cutters for this machine are 8 in. diameter. 
Mr. Sykes has, we learn, been granted further patents 
covering the application of the system to the produc- 
tion of double helical racks and double helical internal 
gears. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 28. 
Tue past week developed a slight falling off in 
European orders and a holding off on the part of domestic 
buyers; there is no possibility of a drop in prices at 
present, but  epewreper rices continue to ona. 
demand for labour will be accentuated by the calling of 
142,000 able-bodied men to Mexico; veges have 
advanced everywhere and the supply of labour is 
desperately short. The long-talked-of contract of 
800 to 1,000 locomotives for Russia it is said will be 
definitely placed this week. Export inquiries for rails 
are 2,000 tons for Australia, 8,000 tons for Cuba, 7,500 
tons for Port , and a closed contract with Japan with 
the Midvale Steel Company for 10,000 tons of plate, 
making 20,000 tons, including a recent order. The 
Pennsylvania i Company wants 20,000 tons 
plate; Italy is buying wherever contracts can be placed. 
A Nova Scotia car company wants 5,000 tons. The 
United States Government is receiving bids for 9,000 
tons. Ore is becoming scarce at Pittsburg; a strike 
prevails in the lake region. Two concerns are in the 
market for 20,000 tons of shell steel, and an export in- 
quiry is ——— 30,000 tons of bars for manufacturing 
urposes. Cuba is inquiring for 60,000 tons of rails 
or next year’s delivery, and Sweden for 10,000 tons ; 
sales of 50,000 tons of Bessemer have been recently 
made, most of it for Italy. Contracts are pending for 
as much more. The general tone of the t is quiet, 
but it is the quiet of engorgement. A very 
volume of business is awaiting the opportunity of 
acceptance at the mills. In case of hostilities with 
Mexico, very little, if any, difference will be made in 
execution of European contracts for munitions and 
munition material. The extraordinary expansion of 
capacity in progress explains why. The threatened 
strike of 400,000 employees is the most serious 
factor in the labour situation. The railroads will 
present their side of the case through 17,000 newspapers 
throughout the country with a view of arousing public 
sentiment against the demands of the workmen, the 
result of which will be to take out of the pockets of the 
people upwards of 100,000,000 dols. to pay the additional 
wages. 





New Zeatanp WateR Power.—An Aid to Water 
Power Act, 1910, empowered the New Zealand Govern- 
ment to establish hydro-electric supply installations, 
and the first of these is now in operation at Lake Coleridge, 
in the Southern Alps, 70 miles west of Christchurch. e 
plant has been designed for a total capacity of 12,000 kw. 
(16,000 horse-power). Of this one-half is included in the 
first installation. The natural features of the lake and 
adjacent rivers allow of a very extension of the 
supply ; and it is anticipated that it can be carried to 
58, horse-power. e transmission line is con- 
structed in duplicate by separate routes to Christchurch. 
This permits of a continuity of supply, each line havi 

a capacity of 7,500 kw. population to be serv 
is over 110,000, and a large demand is anticipated, 
including a bulk supply to the Christchurch City Council, 
and some 15 other local bodies for retail distribution. 
A contract entered into with the Christchurch City 
Council provides for a charge for the first 300 kw. (400 
horse-power) of 8/. 13s. 4d. per kilowatt per annum of 
maximum load, equivalent to 6/. 10s. per horse-power, 
and for all over 300 kw. for a charge of Bl. per kilowatt 
r annum of maximum load, equivalent to 3/. 15s. per 
orse-power. 





Rating or Corirertms.—A case dealing with the 
assessment of collieries was carried another step further 
. decision of the Appeal Court on the Bist ult., 
when judgment was given unanimously in favour of the 
respondents, Messrs. D. Davis and Sons, Limited, of 
Ferndale, in the appeal of the Pontypridd Union Assess- 
ment Committee against the decision of the Divisional 
Court which had reversed the decision of the Glamorgan 
Quarter Sessions. At the Quarter Sessions, the Cam- 
brian Collieries and the Glamo Coal Company were 
also en marg = a D. Poses yr — ——— 
as @ ts. It was then to essrs. 
D. Davis and Sons’ appeal as governing all the cases. 
The case arose out of an nt ie between the 
Assessment Committee of Pontypridd Union and a 
number of the colliery owners within the Pontypridd 
area in 1902, when the assessments of the collieries were 
largely increased, but were reduced as the result of 
successful appeals undertaken upon the advice of Messrs. 
Humphreys - Davies and Co., of London, the well- 
known firm of rating surveyors. Following the appeals, 
and with a view to avoiding litigation in the future, the 
to was concluded by which the 
collieries were to be assessed on a tonnage basis which 
would include each colliery and its appurtenances ; the 
agreement was to continue until either of the parties 
gave notice to terminate it. In 1907 a new power 
station was ted to repl a number of smaller 
stations, and in the Supplemental Valuation List for the 
spring rate of 1913 an additional assessment was 
upon the new station. This assessment was the subject 
of an objection, and failing to obtain relief, upon the 
advice of Messrs. Humphreys-Davies and Co. Messrs. 
D. Davis and Sons carried an aj to the Quarter 
Sessions. It was there con on behalf of the 
Assessment Committee that the Court could not take 
isance of the agreement, and that the overseers 
were entitled to rate the electrical generating station as 
@ separate hereditament. The Quarter Sessions accepted 
decision of the Quarter Sessions was, however, reversed 





visional Court, and the decision of that Court 





has now been upheld by the Appeal Court. 











NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 
Pig-Iron Market.—The pig-iron market still 
remains closed, and the condition of No. 3 iron, both in 
store and otherwise, is much the same as last week. 
Scotch Steel Trade.—The steelmaking industry in the 
West of Scotland continues to run on the lines which 
have so greatly characterised it for some time past, 
and the pressure for the delivery of all classes of steel 
required for war purposes is constantly on the increase, 
shells and shell bars being of first importance. Despite 
the difficulty of and frequent delay in obtaining licences 
for shipping steel, &c., a considerable amount of export 
business is now being put through, —— to France, 
the demand being most satisfactory, although practically 
nothing but material required for the prosecution of the 
war is going through. 
tile business is more or less at a standstill. Indeed, it is 
only in cases where urgent repair work is required that 
any divergence from war work is permitted, more 
especially since the events of last week came to be 
known, for it is now increasingly imperative that no 
efforts should be spared to speed up wherever possible 
every branch of trade pertaining to munitions. The 
recent operations must have blown away an enormous 
pureenteee of the output of our local workshops alone. 
i keep steady and are much on the level of last 
week, for export ship-plates are quoted 14/. 15s. to 16l. 
per ton; boiler plates, 15/. 10s. to 16/.; and angles, 
about 141. It having leaked out that prices in advance 
of the fixed level for home rates were being freely quoted 
and paid, authoritative instructions have been issued in 
regard to any breaking away from these in future. 


Malleable-Iron Trade.—In the malleable-iron tratle 
there is no cessation of activity, the constantly increasing 
orders being turned out daily with the utmost possible 

tch, and makers are as fully employed as their 
depleted staffs will permit. The home demand for the 
entire product is so t that there is practically no 
opportunity for considering any export business what- 
ever. With so many of the mills engaged upon steel, 
it is ay im: ible to get delivery in any- 
thing like reasonable time. Prices for ‘‘Crown’”’ bars 
are still quoted 14/. 2s. 6d. per ton for export, and 
141. 128. 6d., less 5 per cent., for home delivery. 

Scotch Pig-Iron Trade.—The demand for Scotch pig- 
iron continues unabated—hematite in particular being in 
such constant requisition and in such enormous quantity 
that it practically goes hot from the furnace to the steel 
works. With so much activity stocks in all the yards 
are being constantly drawn upon. Licences for makers’ 
iron are scarce at the moment, and in consequence a 
better supply is now available for local consumption. 
Prices are still strong, but are unchanged over the week. 

Controlled Establishments’ Association.—In order to 
link up engineers and others employed in the various 
Government-controlled iron, steel and allied establish- 
ments throughout Scotland a ting of representatives 
was held in Glasgow a few days ago, when, after dis- 
cussion, it was resolved to form the “‘ Controlled Estab- 
ew Association.” Ley Bp been poe upon 
for the of f ing and protecting interests 
of the Sone at an "deeeomaen work, and of 
dealing with questions which naturally arise in the altered 
condition of affairs generally. Much interest is being 
taken in the venture and the meeting was alike large 
and representative. 








THe Murray.—tThe relative rights of the States of 
New South Wales, Victoria, and South Australia to the 
waters of the Murray are at } t undetermined 
Territorially, the south bank of the Murray was the 
boundary of the two former States. At Federal Conven- 
tions which preceded the establishment of the Australian 
Commonwealth the representatives of South Australia 
expressed a fear that too much irrigation on the Murray 
and the Darling might impair the navigability of the 
latter, and it was agreed by the Commonwealth Con- 
stitution that the Commonwealth should not by any 
law or regulation of trade or commerce abridge the right 
of a State or its residents to a reasonable use of the water 
of a river for conservation or irrigation. Under this 
section, negotiations have been for several — in 
P ress between the three interested States. In January 

911, a conference took place between the Premiers of 
New South Wales, Victoria, and South Australia; the 
result of this meeting was that South Australia was 
allowed to carry out sto: works at Lake Victoria, New 
South Wales, and to lock her own portion of the Murray 
at her own expense. But New South Wales and Victoria 
would not recognise the claims of navigation in any way, 
and would not bind themselves to deliver any quantity 
of water at the point of intake into South fv. Hn No 
right to navigation was conceded by New South Wales 
and Victoria, and the upper portions of the river were 
left free for irrigation. In 1913 the three States appointed 
a Board of Engineers to make investigations with a view 
of ascertaining means conducive to a settlement of the 
question. The board, in its report, stated that it was 
agreed that the interests of irrigation were more important 
than those of navigation, and that the great expense of 
maintaining the latter was not warranted. The cost of 
the various works which were was estimated at 
4,663,0007. An agreement upon the subject has been 
under the consideration of the Commonwealth Parlia- 
ment and the Parliaments of the three interested States. 





In New South Wales, ing the results of an investiga- 
tion of the dam fo’ tions of a proposed dam 
at Cumberoona, surveys are being made by o of 


lands on the New South Wales of the Murray. So 
far as South Australia is concerned the construction is 
in progress of a first lock at 


n consequence ordinary mercan-- 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—There are no new features in the 
returns of the traffic dealt with at the port during June. 
Business still further declined. The total of 283,191 
tons sok, with is 2 reduction of 95,000 tons on the 
corresponding period of last year. The aggregate of 
1,617,052 tons for the half-year is nearly 750,000 tons 
below the figure for the same period of 1915. The 
falling-off in the export trade is quite pronounced. The 
total of 73,494 tons for June is a decrease of 50,000 tons 
on the preveding year, and the business for the half-year 
of 509,098 compares unfavourably with over a million 
tons @ year ago. France took one-half of the export 
total, but this section of the trade was a reduction of 
56,000 tons.. Italy received a large increase, viz., 16,969 
tons, as against 1,005 tons a year ago. Sweden obtained 
14,568 tons, which is a slight increase. The Denaby and 
Cadeby Main Collieries are still the chief contributors 
to the port. 


_ South Yorkshire Coal Trade.—There is still great dela, 

in the fixing up of the gas companies’ contracts, whic 

are now considerably overdue. The question of price 
is the greatest obstacle to a settlement, but it is expected 
that satisfactory terms will be agreed upon later in the 
week. The house coal position is still an unusually 
busy one for the time of the year, due, no doubt, to the 
vagaries of the weather. The local demand for steam 
fuels continues to absorb nearly all supplies available. 
The system put in operation by the Government 
appointed Committee, which deals with supplies, has 
ensured juantities arriving at the different works 
and for the railways. There is no question of the 
efficacy of the new ments, which make the 
respective collieries responsible for the fueling of the 
various unde i One result is to limit still further 
the amount of fuel available on the open market. Small 
coal is very scarce. The shipments remain at a normal 
figure, even though Italy is to-day a bigger customer 
than ever she was before. The to directed to 
Italian ports'this year has been diverted from the neutral 
trade. Quotations :—Best branch hand-picked, 20s. 6d. 
to 21s. 6d.; Barnsley best Silkstone, 17s. 6d. to 18s. 6d. ; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house, 16s. to 178.; best nuts, 15s. 6d. to 16s. 6d. ; 
small nuts, 15s. to 16s.; Yorkshire hards, 16s. 6d. to 
17s. 6d.; Derbyshire hards, 16s. to 17s.; best slacks, 
_ - 138.; seconds, 10s. 6d. to lls. 6d.; smalls, 

. to 9s. 


Iron and Steel.—With the expected advance in the 
prices of pig-iron failing to materialise there has been a 
much easier tone in the market, and buying has been 
on a heavier scale than for some time past. Munitions, 
however, are more and more fully swallowing up the 
supplies, and there is less material available for the 
domestic trade. Billets are still exceedingly difficult to 
secure. Some faith had been pinned in he possibilities 
of substantial American consignments with the marked 
reduction in freightage, but it has been found that the 
quantity set aside for export is comparatively small. 
Moreover, prices are so inflated that Sheffield manu- 
facturers, if they did obtain considerable tonnage, could 
hardly work it at a profit. Two-inch American billets, 
it is estimated, would cost about 14/. with delivery here. 
Meanwhile very little home-made basic steel is on offer, 
and Sheffield is unable to do business in the cheap grades 
of finished steel. There is not much satisfaction to be 


‘got from a study of the Swedish position. Both iron |? 


and steel are dear and the anticipated increased shipments 
are not arrivi Some users manage to secure fairly 
large supplies, but values are high, and show no signs 
of decreasing. Trade in the scrap-metal market is at its 
busiest. Heavy steel scrap is firmer. The prices have 
now been fixed by the Ministry of Munitions. A reprint 
of the order concerning coke, iron, and steel will be 
found on another page. Wrought iron is marked at 
61. 108, — to the enormous consignments from 
France to South Wales, steel turnings are a drug on the 
market. Waste shell bars, old rails, and crop ends are 
very plentiful. Electric furnaces are gaining in favour. 
Attention is being directed to the new type of furnace 
which has been installed at the large steel works of 
Messrs. Spear and Jackson, of Brightside. It is a 
Sheffield invention, and runs continually on high-speed 
steel, Electrically driven, it has a capacity of 5 to 8 
ewts. It is claimed on behalf of the furnace that it 
enlarges the production, secures greater uniformity of the 
finished material, and has lower running expenses than 
the crucible type. There is at present a particularly 
heavy demand for high-speed steel, and although the 
industry is thoroughly organised, its resources are tested 
to the utmost to meet all the requirements of the Allied 
Powers. Tungsten is still a short supply. Sheffield 
cutlers are busily engaged upon large orders of scissors 
and surgical instruments for hospitals, whilst spoons, 
forks, &c., are wanted in countless numbers for the 
Army, and also for the home and colonial private trade. 
Messrs. Clayton and Shuttleworth, of Lincoln, have 
obtained an important War Office contract for traction 
engines. New overseas business for tools, files, cutlery, 
hardware, augers, steel castings, and steel, help to swell 
the expanding export trade. 





DEFENCE OF THE REALM REGULATIONS.—Attention is 
called to Regulation 41a of the Defence of the Realm 
Regulations and D.R. Form 17 issued thereunder, by 
which lists of male employees between the ages of 18 
and 41 must be exhibited in a conspicuous place on the 

remises where such men are employed. The official 
orms for this purpose can be obtained from any Post 





Office. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is on only a limited scale. Most buyers have 
for their supplies over the present quarter, 
and many of them would readily extend contracts to 
the end of the year, but makers show unwillingness to 
commit themselves beyond September. Limited quanti- 
ties of Cleveland pig are being released for conveyance 
to Scotland so that the foundries north of the ‘TPweed 
shall not be dislocated. The embargo on delivery to 

Scotland should tend to make iron-producing distri 
more self-dependent. The Distribut Committee are 
carrying out their duties in a way that leaves little 
— for complaint under the conditions np 
y are allocating satisfactory supplies to local con- 
sumers, and making every effort to facilitate shipments. 
For home consumption No. 3 Cleveland pig, No. 4 
foundry and No. 4 forge, all stand at 87s. 6d.; and 
No. 1 is put at 91s. 6d. For export, No. 3 is 95e., and 


No. 1 is in the neighbourhood of 100s. Stocks of Cleve- | ; 


land iron alter very little. The quantity in the public 
warrant stores here now stands at 28,253 tons, composed 


of 27,258 tons of No. 3 and 995 tons of other qualities’ 


of iron deliverable as standard. Since the inning of 
the month 667 tons of No. 3 and 550 Soon of Gane 
iron, a total of 1,217 tons, have been taken from the 
stores. 


Hematite Iron.—The East Coast hematite branch of 
the iron trade presents no new feature of moment. New 
business is quiet, but deliveries on ing contracts 
are heavy. For home consumption and for shipment to 
France, Nos. 1, 2 and 3 s at 122s. 6d.; while the 
general export quotation is 140s. and upward. 

Shipments of Pig-Iron.—Shipments of pig-iron from 
the port of Middlesbrough are quite up to expectation. 
So far this month they amount to 18,209 tons. To the 
same date last month the clearances reached 18,205 tons, 
and for the corresponding part of July last year the 
despatches totalled 27,711 tons. 


Blastfurnacemen’s Wages again Advanced.—The average 
net selling price of No. 3 Cleveland pig-iron for the 
quarter ended June 30 last has been certified at 
8ls. 5.96d. per ton, as compared with 72s. 11.28d. per 
ton for the previous quarter—an advance of 8s. 6.68d. 
per ton. This carries an advance in blastfurnacemen’s 
wages of 10.75 (10) per cent., raising wages from 51 per 
cent. above the standard to 61.75 per cent. above the 
standard. 


Foreign Ore.—Values of foreign ore continue to move 
upward notwithstanding the very excellent supplies 
coming regularly to hand on running contracts, and the 
fact that most consumers now have considerable stocks. 
Imports to the Tees so far this month amount to no less 
than 122,430 tons A very firm attitude is being taken 
by mine owners abroad, and dealers here are asking 
higher rates. Sellers now regard 37s. 6d. as the minimum 
ex-ship Tees quotation for Rubio of 50 per cent. quality, 
and some of them are inclined to hold out for 38s, These 
prices are based on a freight of 17s. Bilbao-Middlesbrough, 
the figure at which controlled consumers are privi 
to —— for the conveyance of ore, but in the ordinary 
way in open market steamers from Bilbao to the Tees 
are being fixed at 19s., so that to non-controlled firms 
the = ip Tees price of best Rubio would be quite 

9s. 6d, 
Coke.—Coke is firm and in good request. Local 
requirements are large, and promise to be heavier. 
Average blastfurnace kinds are 288. at the ovens, and 
up to 30s. 6d. at the ovens is named for qualities low 
in phosphorus. 

Manufactured Iron and Steel.—The various branches 
of the finished iron and steel industries present few new 
features of moment. Manufacturers continue fully 
pr a ney. very largely on Government work. Numerous 
ordinary commercial inquiries are reported. Quotations 
all round are strong :—Common iron bars are 13/. 15s. ; 
best bars, 141. 2s. 6d.; double best bars, 14/. 10s. ; 
treble best bars, 14/. 17s. 6d.; iron ship-plates, 11. 102. ; 
iron ship angles, 13/. 15s.; iron ship rivets (}-in. 
diameter), 17/. 10s.; iron ship rivets (%-in. diameter), 
187. 10s. ; packing iron and steel (parallel), 101. ; packing 
iron and steel (tapered), 12/. 5s.; steel bars (no test), 
142. 10s. ; steel ship-plates, 11. 10s. ; steel ship angles, 
1ll. 2s. 6d.; steel ship rivets (}-in. diameter), 187. 10s. ; 
steel ship rivets (%-in. @iameter), 19/. 10s.; steel strip, 
171. ; steel hoops, 17/. 10s.; and steel joist, 11/. 28. 6d. 





NOTES FROM THE SOUTH-WEST. 

Cardi ff.—The steam coal trade has been comparatively 
quiet, shortage of tonnage for prompt deliveries con- 
siderably delaying fresh transactions, while bu have 
shown no great rness to arrange for forward business. 
Government requirements are reported to have been 
not quite so heavy, but colliery owners regard any 
slackness as merely temporary, especially in view of a 
magne | of more prompt rene ye the advance of 
the month. It is anticipated that shipments under 
the French exports scheme will increase as the details 
of the scheme are worked out; but so far as neutral 
countries are concerned, the authorities have — no 
di ition to grant licences more readily, it being 
decired to reserve as much coal as possible for home 
consumption and allied nations. The best Admiralty 
large steam coal has been to some extent nominal ; 
secondary qualities have made 49s. to 50s.; Monmouth- 
shire Bi Veins, 49s. to 50s. ; i Western 
Valleys, 48s. to 49s.; Eastern Valleys, 45s. to 47s. ; 


best bunker smalls, 29s. to 30s.; and cargo smalls, 20s. 
to 25s. per ton. In bituminous coal best households 
have made 23s. to 24s. at the pits; No. 3 Rhondda 
large, 49s. to 50s. ; smalls, 32s. to 34*.; No. 2 Rhondda 
, 36s. to 38s. ; and No. 2 smalls, 238. to 25s. per ton. 
The latest quotation for patent fuel has been 50s. to 51s. 
per ton. ial foun coke for export has been 
uoted at Oho, to 65s.; good foundry coke, at 60s. to 
62s. 6d. ; and furnace coke, at 50s. to 55s. per ton. 
Great Welsh Colliery Deal.—Lord Rhondda and Mr. A. 
Michelson, of Cardiff and London, acting on behalf of the 


: 
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Collieries ; “‘ the deal”’ now carried through ly 
increases the coal control of the Consolidated 
from 3,000,000 tons annually to 5,000,000 tons annually. 
Lord pene nh ral a direct control of ~ 
largest output uw coalfield, independently 
of other undertakings with which he is associated ; and 
DB & eapettons So G00 Sint Ss seen Deters entee She 
control comprises the best Admiralty qualities. 

The Ferndale collieries, which have virtually passed over 
to the t of Lord Rhondda, consist of eight 
pits in this Rhondda Fach, Messrs. Davis also held the 
entire share capital of the Welsh Navigation Steam Coal 
Com; or See See Se Se ee 
whi paid 10 per cent. per annum for many years, 
with a recent extra 5 per cent. Half the purchase price 
agreed on for the shares taken over by the Consolidated 
aes Ge So be, 908 00 gine sce an Sages tee 
remaining uyers pay sellers interest at 
the rate of 5 per cent. per annum until the sale is finally 
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decided to bring moral pressure to bear upon Welsh 
absentee miners anate impress upon them the importance 
of working regularly. o new steamers, aggregating 
12,000 tons and 13,000 tons deadweight respectively, 
have been added to the fleet of the Chargeurs Frangais, 
of which Mr. Ernest Plisson, of Paris and Cardiff, is 
managing director. The speed of the new steamers is 
114 and 13} knots ——- The steel steamer 
Bernicia, built at Middlesbrough in 1899, and 5,825 
tons deadweight, has been sold to the Southern Counties 
Shipping C y, Limited, of which Messrs. Edwards, 
Sepeenn and Company, Cardiff, are the managers. She 
was formerly owned by Mr, T. H. Mordey, Cardiff ; she 
has been re-named by her new owners.—The directors 
of the Maindy Shipping Company have declared an interim 
dividend at the rate of 20 per cent. per annum for the 

—Kir Thomas Price, formerly 
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ro to 27,0001. a 6,000-kw. turbo- 
eeeeoeer, tos thw Leoal se t authorities would 
only allow a loan of 16,500. The committee reluctantly 


adopted the ion and accepted a tender of Messrs. 
Fraser and , of Leith, for the provision of a 


3,000-kw. Fraser and Chalmer’s turbine, coupled to a 
Vickers’ alternator, and with condensing plant by the 
atta or Company at the inclusive price 
of 11,60) 





A Laroce Cement Factory ror AvsTraria.—A 
cement factory for Australian Commonwealth purposes 
is to be erected at Fairy Meadow, near Canberra, at an 
estimated cost of 100,000/. It is to have an output of 
20,000 tons per annum. A deposit of limestone has 
already been acquired by the Commonwealth, considered 
to be sufficient for 75 years. 





Inpran Raruway ADMINISTRATION.—The construction 
of new works upon the Bombay, Baroda and Central 
India Railway has been severely restricted, not only in 
col uence of financial difficulties occasioned by the 
war, but also in consequence of the Snpeoeneny, of 
obtaining the necessary material in Great Britain. The 
directors have, however, continued certain works which 
were in hand when the war broke out—for instance, the 
remodelling of some of the most important of the com- 
ZS, as Tene plogres beo-ten tents ath Os 

, &e. me progress has been made with the 
strengthening of t way, and there has also 
been a further ex iture for -stock. A reduc- 
tion of 60,000 train miles was i 
on the broad-gauge lines, as well as a reduction of 
102,000 miles on the metre-gauge lines. The Madras and 
Southern Mahratta Railway ow has opened its 

in length; and 


Guntur broad-gauge line, 37 in 3 
official sanction has been obtained for surv for a 


ha adopt a hea’ road bridges. 
ve to a heavier , stronger bridges, 

‘ul as other Indian main lines have done ; 
and the subject is receiving the general attention of the 
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HEAVY-DUTY PROJECTILE-BORING LATHE. 
CONSTRUCTED BY THE NILES-BEMENT-POND COMPANY, ENGINEERS, PLAINFIELD, NEW JERSEY, U.S.A. 

















Fie. 2. 


We illustrate in the views Figs. 1 and 2, above, a} headstock are either of cast or forged steel and run in 
heavy-duty projectile-boring lathe, built, at their Plain-| oil. As will be seen from the illustrations, the head- 
field Works, New Jersey, by the Niles-Bement-Pond | stock is of especially massive, enclosed construction, and 
Company, whose offices in this country are at 25, Victoria | in order to afford a most rigid support to the spindle, 
Street, Westminster. It is driven direct by a 35 horse- | gearing, and motor, it has been given a great length 
power variable-speed electric motor raounted on the head-| of bearing on the bed. Three mechanical changes of 
stock, the latter containing all gears, The boring-ram, | speed are provided, controlled by hand-wheels. The 
provided with power feed, is mounted in a long, heavy | motor is started, stopped, and varied in speed by means 
tailstock. The machine swings 37 in. over the bed and | of a handle which is adjustable along the bed to a 
takes projectiles up to 16 in. in calibre. The American} point near the operator's working position. The main 
shop practice of boring large projectiles both of the high- | spindle thrust bearing is of the roller type, self-ciling, 
unde, hollow-forged v and of the armour-piercing | and of large diameter. The tailstock carries a square 
type, demands a powerfu athe of extreme weight and | for, 


-steel boring-ram, having power feed by means of 
rapidity, equipped with a boring-bar without cross | a 


aft running along the rear of the bed, the shaft 





adjustment, the interior contour of the shell being | operating the ram through gearing and a worm and) 


obtained by the use of bottoming and forming tools | worm-wheel, this giving a smooth, positive motion. 
made to suit the requirements of each case. It is| Large pilot-wheels are provided for the hand traverse 
claimed that this method is conducive to high production, | of the ram and for starting and stopping the power feed. 
combined with economical working. The machine is; A itive clutch mechanism all 

easily and quickly operated ; the gears contained in the without change of gears, the changes being made by 


lows of four feeds | 





two levers on the front side of the tailstock. Four 
additional feeds are obtained through the same clutch 
mechanism by one change of gears at the head end. In 
order to prevent any vibration of the tools, the boring- 
ram also runs in a support which can be adjusted along 
the bed to a position near the work. 





Tue THames VALLEY.—During nine official years end 
ing with 1914-16 inclusive, heavy rainfall was experienced 
in the Thames Valley above Teddington. This was.a 
matter of some interest in connection with the water 
supply of London. In 1906-7 the Tha.wes Valley 
precipitation was 23.09 in.; in 1907-8, 31.54 in.; m 
1908-9, 24.83 in.; in 1909-10, 32.33 in.; in 1910-11, 
30.49 in. ; in 1911—12, 31.67 in. ; in 1912-13, 33.14 in. ; 
in 1913-14, 27.93 in.; and in 1914-15, 33.08 in. The 

recipitation is, as a rule, greater than that of the Lee 
Valley. In 1906-7 there was scarcely any difference, 
but in 1907-8 the Thames Valley excess was 4.85 in. ; 
in 1908-9, 2.06 in.; in 1909-10, 3.48 in.; in 1910-11, 
3.45 in.; in 1911-12, 3.99 in.; in 1912-13, 5.99 in. ; 
in 1913-14, 3.71 in. ; and in 1914-5, 4.91 in. 
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THE SWEDISH STATE HYDRO-ELECTRIC POWER-STATION AT 
ALFKARLEBY. 


(For Description, see Page 29.) 
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THE SWEDISH 


STATE HYDRO-ELECTRIC 


POWER-STATION AT 


ALFKARLEBY. 


(For Description, see Page 29.) 
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POWER-STATION PRACTICE. 
Tue remarkable improvements effected in power- 
station practice during the past few years have in 


958, | the main had relation to the prime mover, such ad- 


vances as have been effected in the boiler room being 
much less sensational in character. Fifteen years 

for example, the plant at the 74th Street station of the 
Interborough Rapid Transit Company, New York, 
consisted of cross compound engines coupled direct 
to generators of 5,000 kw. capacity. The engines 
were constructed by the Allis-Chalmers Company to 
the designs of the late Mr. Reynolds, and were justly 
considered as representative of the best engine 
practice. On trial they proved capable of developing 
1 kw.-hour with 17 Ib. of steam, a figure which, in 
average running conditions, was increased to 17} Ib. 
The cost of this plant—engines, condensers and 
generators—erected in place was 40 dols. per kilo- 
watt, and the monthly average coal expenditure 
for all purposes amounted to 2.5 lb. per kilowatt- 
hour generated. In the same station and on the 
same space there has now been installed a 30,000-kw. 
steam-turbine unit, the performance of which has 
recently been described by Mr. H. G. Stott, in a 
paper read before the American Society of Mecha- 
nical Engineers. Under test this plant has shown 
a thermal efficiency of nearly 25 per cent., a figure 
which, not many years ago, would have been con- 
sidered fair for a gas engine. In average working 
conditions the steam consumption is less than ,jths 
of that of the older engines, and the monthly 
average coal consumption for all purposes, including 
that of keeping the reciprocators hot for stand-by 
purposes, is 1.5 lb. per kilowatt-hour, in place of the 
former figure of 2} lb. Moreover, the capital cost 
of the new unit (condenser included) has been but 
9 dols. per kilowatt of rated capacity, as compared 
with 40 dols. for the old engines. The turbine is of 
the pure reaction type, and, together with its 
generator, was supplied by the Westinghouse E'ec 
tric and Manufacturing Company. 

The efficiency ratio attained in this case is still 
no doubt below the ultimate limit, but the margin 
for a further increase is small, and future —— 
so far as the prime mover is concerned, prob- 
ably be inthe direction of securing ny sdiibe 
machines the efficiency figures already reached in 
the case of large units. 

Note has already been taken of the fact that the 
new unit, power for power, occupies but one-sixth 
the space of its predecessors. Possibly something 
further may still be accomplished in this direction, 


4GE | but we already have turbines of 5,000 kw. rated capa- 
40 | city running at 3,000 revolutions per minute, so that 


here again the margin for further improvement seems 
small. In fact, in the case of such units the turbine 
proper is now becoming almost an excrescence on its 
own accessories, which are incomparably more bulky 
than the part that does the work. The whole of the 
blading and diaphragms of an impulse turbine of 
this high-speed type occupies not much more than 
one-third of the total volume of the casing, of which 
the greater portion constitutes, in fact, merely the 
exhaust branch. Again, the whole of the active 
portion of the 5,000-7,000 Ljungstrém turbine is 
included within a volume measuring some 36} in. 
in diameter by about 17} in. long. 

It seems probable, therefore, that neither the 





efficiency ratio of the ‘tahoe nor the — per 
cubic foot occupied is likely to be greatly increased 
save by changes in other sections of the power 
station. 

A number of turbine builders have accordingly 

ing very seriously the adoption of 
very much higher working pressures. One of them 
at least, as a result of such an investigation, is con- 
vinced that it will be quite possible in this way to 
attain over-all thermal efficiencies in excess of those 
now offered by gas-engine builders, and to develop 
1. brake horse-power for an expenditure of 7,500 
British thermal units per hour; a common figure 
for gas engines being 8,000 British thermal units. 
Of course, for the present, this scheme exists on 
paper only, but that this engineer is not alone in 
thinking that the way to further advances lies in 
this direction is well shown by Mr. J. P. Gregory’s 
interesting contribution to the discussion on the 
instructive paper by Mr. W. W. Lackie, which we 
reprint on page 47 of the present issue. 

Mr. Gregory . states that an over-all thermal 
efficiency of 19.12 per cent. has been attained at the 
works of the British Thomson-Houston Company, 
Rugby, with a relatively small unit of 1,500 kw. 
rated capacity, operating, moreover, with a vacuum 
of but 28} in. The steam was supplied at a pressure 
of 350 lb. gauge and at a temperature of 700 deg. 
to 750 deg. F. On the other hand, a set of the same 
capacity, operating with the same vacuum, but with 
the steam supplied at 200 lb. per sq. in. and 200 deg. 
superheat, would have an over-all thermal efficiency 
of but 17.3 per cent. ; the gain therefore by the high 
pressure and temperature is 10 per cent. 

So far as the turbine is concerned there appears to 
be little difficulty in working with still higher 
pressures and temperatures, but success will prob- 
ably be found to depend upon the satisfactory 
solution of a number of troublesome problems in 
the boiler-house. Water at high temperatures 
goes far indeed to meet the demand of the old 
alchemists for a universal solvent. Metals no doubt 
resist its action, but most other materials are rapidly 
corroded. Gauge-glasses are therefore likely to 
prove a difficulty, since even quartz is, we under- 
stand, unable to resist for long the solvent action of 
really high temperature water. No doubt a way out 
will be found, and, as a matter of fact, Dr. de Laval 
exhibited at Stockholm some years ago turbines 
operated with steam supplied at a pressure of no 
less than 1,400 Ib. per sq. in. 

Even apart from this question of the introduction 
of higher pressures, the boiler house would seem to 
present a more promising field for improvement 
than any other part of the power station. It is true 
that the advance already made has been considerable. 
In fact, at one large power station the average 
boiler efficiency, month in and month out, is greater 
than the highest efficiency recorded in the whole of 
the classical tests of Donkin and Kennedy. The 
improvements effected, however, have resulted in 


-| the main from the replacement of the old-fashioned 


fireman by the boiler-room engineer, and by. the 
greater adoption of scientific methods of controlling 
the efficiency of the stoking. As Mr. Lackie points 
out, moreover, modifications in design have con- 
siderably increased the output of steam per square 
foot of floor space occupied, but this increase is 
in no way comparable with the equivalent change 
effected during the same period in the engine room. 

Whilst average boiler efficiencies have increased, 
maximum efficiencies have remained much as they 
were, and are perhaps little capable of material 
improvement. The steam generated per square foot 
of heating surface, on the other hand, remains very 
much below what is theoretically possible. With 
clean metal, the heat flow could be at least seven- 
fold as great as is now common, without risk of 
overheating ; but a very thin layer of soot or scale 
effects an astonishing reduction in the transmission 
rate. 

Possibly the solution of the problem of attaining 
much higher outputs from boiler heating surfaces 
may ultimately be found in the adoption of gaseous 
firing and in the use of distilled water for the make- 
up feed. Both plans have other advantages, and 
the latter is stated by Mr. David Wilson to have 
been adopted in certain cases on the continent. 
When water contains salts in solution these are, it 
is found, carried over with the steam into the turbine, 








40 


ENGINEERING. 


[Jury 14; 1916, 








where they both cause erosion and form deposits on 
the blades. This tends to lower the efficiency, 
which in some special cases has, indeed, been 
very seriously diminished. In this connection 
a point of some interest, but no doubt of minor 
importance, has recently been established. by 
Callendar, who has found that when the water is 
not pure, drops of it pass over with the steam 
and can only be got rid of by a considerable super- 
heat. The fact that superheated steam often con- 
tained water in suspension was previously known 
and was difficult to understand, since drops of pure 
water are inherently unstable and must evaporate 
if at the same temperature as the surrounding steam, 

The incidental advantages of gas-firing are also 
substantial. No doubt circumstances are less favour- 
able now than in the days when Mond gas was first 
applied to the generation of power. The value of 
the by-products was then more than sufficient to pay 
for the fuel from which they were derived, but the 
steady increase in the cost of coal will, nevertheless, 
make it increasingly important to recover the by- 
products where possible. In the discussion on Mr. 
Lackie’s paper, Mr. Christie stated that he was 
endeavouring to arrange an agreement with the 
British Coalite Company for gasifying 200 tons of 
coal per day, the company taking the by-products 
and the Brighton Corporation the gas for firing the 
boilers at their power station. It is to be hoped 
that the scheme will prove successful, as it would 
mark a very important step forward in economising 
our natural resources. 





THE GERMAN SUBMERSIBLE CARGO 
VESSEL. 

THE voyage from North Germany to Baltimore, 
in the United States, of the German submersible 
cargo vessel Deutschland is an event of some 
historical importance rather than of any military 
significance. We need not discuss whether or not 
the vessel is purely a merchant ship. Whether 
she, on her return voyage, seriously involves the 
United States in a question of international law 
by any offensive operation, or by failing to 
comply with requirements as to search, need not 
here be considered. As to why the voyage was 
undertaken, it is difficult to form a definite reason- 
able hypothesis. In the navigation of the Atlantic 
by a submersible there is nothing of primary 
significance, because British submarine boats have 
made such trips and other voyages with longer 
non-stop runs, and during the war operations 
German as well as British submersible vessels have 
shown corresponding endurance. The transport of 
an insignificant volume of cargo cannot affect, from 
an international law standpoint, the effectiveness of 
the British blockade. We are forced therefore to 
the conclusion that the voyage was undertaken in 
the hope that it would impress neutral Powers, and, 
still more, stem the undoubtedly growing volume 
of anxiety in Germany regarding the immediate 
results of operations on land and sea. The joy 
with which the arrival of the vessel was heralded, 
according to all reports from Germany, supports 
this view. Thus it becomes interesting in recording 
the voyage as an incident in maritime history, 
because it is the first voyage of a submersible cargo 
vessel, to throw upon it the light of hard scientific 
fact. 

The descriptions which have been cabled from 
America regarding the size and capacity of the 
Deutschland are somewhat contradictory, but they 
all agree in giving the displacement tonnage when 
on the surface as 2,000 tons, which would coincide 
with a length of about 300 ft. and a beam of 30 ft. 
Again, there is agreement as to the power of the 
Diesel engines with which the vessel is propelled, 
the brake horse-power of each of the twin engines 
being given as 1,300, giving collectively 2,600 brake 
horse - power. This, again, corresponds with a 
speed on the surface of 14 knots. It is comparatively 
easy to arrive at the weight of the cargo which such 
a vessel could carry, and it may at once be said that 
the statements of the deadweight capacity, ranging, 
in the first reports, from 800 to 1,000 tons, are 
greatly exaggerated. Later reports, however, after 
the drooping spirits of the German people had been 
revived, give the weight of the cargo as 375 tons, 
which is much more in accordance with the possi- 


bilities than the earlier estimates. Under the most 
favourable conditions regarding the disposition of 
weight in the ship and her machinery and stores, a 
greater cargo cannot possibly be carried by a sub- 
mersible vessel of 2,000 tons surface displacement. 

The hull of the boat, including the ballast keel, 
water and air service, auxiliaries, electric cables, 
fittings, &c., will weigh about 1,110 tons. In 
estimating the weight of the machinery, there is 
the difficulty of determining exactly the electrical 
equipment for propulsion when submerged, and 
the power available and speed attained when sub- 
merged ; but even here there is room for only a 
slight percentage of error. Accepting the state- 
ment of the captain that he proceeded for 90 miles 
under water without requiring to recharge the 
accumulators, we arrive at the conclusion that this 
is the radius of action provided by the storage 
batteries. The machinery, therefore, including the 
main Diesel engines, electric motors, storage bat- 
teries and lubricating oil, works out at about 260 
tons. The capacity of the fuel-oil tanks has been 
stated as 190 tons. The crew, the fresh water, 
provisions, and other stores cannot be put at less 
than 60 tons. The remaining demands on the 
weight include trimming ballast, the gun and 
ammunition (which, it is said, was carried for 
defensive purposes), and these may be taken at 
30 tons. Provided no gun was carried, part of this 
weight may have been utilised to augment the 
deadweight carrying capacity. But a summation 
of the weights which we have given show that out 
of the 2,000-ton surface displacement there is left 
only 350 tons as cargo deadweight carrying capacity. 
If passenger accommodation were provided, there 
would be a deduction from this for the weight of 
the fittings, of the passengers, and of the necessary 
provisions and stores. The weights allowed, it may 
be added, give an approximate radius of action of 
4,500 nautical miles at 14 knots, and 6,650 nautical 
miles at 11} knots. Assuming the reserve buoyancy 
as 55 per cent. of the surface displacement, the 
displacement submerged would be about 3,100 tons. 
These facts somewhat detract from the practical 
success of this vessel as a cargo-carrier, and help to 
reduce to correct proportions the significance of 
the voyage. 








EARTH RESISTANCE AND ELECTRO- 
LYTIC CORROSION. 

THE amount of current leaking from an electric 
railway or tramway track and from other con- 
ductors depends largely upon the resistance of 
the earth. That resistance varies considerably, 
and is beyond human control, and, moreover, most 
soils are not homogeneous. The study has never- 
theless its interest. In conducting an inquiry 
into the problem on behalf of the United States 
Bureau of Standards, Messrs. Burton McCollum 
and K. H. Logan (Technologic Paper No. 26) 
took soil-resistance measurements by three methods. 
According to the Wenner method a series of holes 
are bored into the earth with an auger 14 in. in 
diameter to a depth of twice the distance between 
the holes ; a little damp clay is tamped down each 
hole and the next, and a contact-piece, consisting 
of a bare sleeve 1} in. long, and a plug screwed 
to the end of a }-in. pipe (painted and wrapped 
with insulating tape) is driven into the damp clay. 
The measurements have several times to be repeated 
with interchanged and replaced electrodes, and nine 
sets of observations are usually required. 

The second, or guard-ring method, was worked 
out in the Bureau by Mr. O. 8S. Peters. Two 
parallel trenches are cut in the ground, large 
enough for a man to work in, but leaving a thin 
earth wall, only a few (3 or 4) inches thick, between 
them, or, at any rate, between the metallic disc 
electrodes attached to opposite sides of the wall by 
means of damp clay. The one disc is whole, 
the other is cut up, by an annulus of insulating 
material, into an inner small disc of 3 in. 
diameter and an outer guard-ring; adjustable 
resistances and a telephone or vibration galvano- 
meter bridge over the inner disc and the ring, 
and the resistances are adjusted until silence is 
obtained in this shunt circuit. 

To avoid polarisation, alternating current must 





be used for such determinations, and the two 





of observations made in situ the disadvantage of 
requiring the transport of cumbersome appliances. 
A third laboratory method, called the compression 
method, was hence tried. In this case the soil 
sample taken at the spot from the bottom of an 
excavation is at once transferred to a glass cylin- 
der, about 3 in. in. diameter. The cylinder ends are 
covered with mercury-sodium amalgam and copper 
discs, and the cylinder is then placed within a 
stout iron pipe to compress the plug of earth. 

The results of the three methods proved to be 
in fair agreement, and the compression test was 
therefore used in examining about 90 kinds of 
soils from different localities. The specific resis- 
tance of the soils, it was found, ranged from 1000 
to 5000 and more ohms per cub. cm. The pressure 
was raised up to 1000 Ib. per sq. in.; a pressure of 
50 or 75 Ib. per sq. in was generally found sufficient 
for the test. High pressure should be applied 
slowly, but there was only a difference of about 
5 per cent. between experiments finished in a few 
minutes and experiments lasting a couple of hours. 
The resistance decreases as pressure is applied 
up till about 100 Ib. per sq. in.; then it rises, but 
the results are much influenced by the moisture 
of the soil. The dry soil has, of course, a high 
resistance ; moisture lowers it to a minimum ; the 
addition of more water has then little effect. Water 
forced out by the pressure should be removed. 

The conductivity is mainly due to the salt-bearing 
moisture films between the solid grains, which any 
pressure forces into better contact. A sand which 
feels moist may be drier than an apparently dry 
clay, but a water-soaked sand will be a worse 
conductor than an unsaturated clay, because the 
clay may be rich in soluble salts which the sand 
does not carry. Street refuse contains much 
organic and inorganic matter, and made ground 
has a very high conductivity, partly for this reason 
and partly because refuse is generally dumped into 
moist excavations ; salt marshes have low resistance 
for the same reasons. Rock is a better insulator 
than moist cement; the gravel or broken rock of rail- 
way permanent way also insulates well, unless soaked 
with moisture and clogged with dirt; to flush the 
rails in order to prevent the formation of high- 
resistance scale on the rail surface is undesirable in 
this respect, because it washes the dirt into the 
road bed. 

The temperature coefficient of the soil is 
negative; above freezing point a change of a 
few degrees matters little, but below freezing point 
the resistance increases enormously owing to the 
formation of ice ; experiments gave at — 2, — 5.5, 
— 12, —19 deg. Cent. resistances (not specific) 
of 940, 4340, 21,700 and 49,000 ohms ; the further 
increase at the lowest temperatures is striking. As 
the thawing and drying of the deep ground proceed 
very slowly, the weather conditions of the past 
weeks should be considered in determining the 
earth resistance. The paper to which we have 
referred above gives details of polarisation tests 
with continuous currents, which are to be con- 
tinued ; so far these tests have not brought out any 
novel points, and we hardly expect that they will 
prove of much use. 








NOTES. 
Guiascow CorPORATION TRAMWAYS. 

It has always been recognised that the tramway 
system of the City of Glasgow, owned by the 
Corporation, was one of the most successful in the 
country, and the last of the annual accounts, just 
issued, supports this view. It is true that motor 
omnibuses are prohibited, that there are no electric 
tube railways, and that the suburban traffic on the 
main railway lines is of an intermittent character ; 
so that the tramway system is advantageously 
situated as far as competition is concerned. Owing 
to the density of population, too, there is a con- 
siderable volume of traffic. Again, the lines extend 
long distances into the burghs that have grown up 
around the city. Of the 99} miles of streets 
traversed by the tramways one-fourth is beyond 
the city boundaries, extending into the burghs of 
Clydebank, Paisley, Rutherglen and Renfrew, and 
into the counties of Lanark and Renfrew. The 
average number of cars in use during the year was 
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650. The car ‘mileage has pron paramere “For 
the year ended May last the total was within a 
small length of 25,000,000 miles. The number of 
passengers carried was 362,371,464, and the total 
receipts were 1,149,264]. There has been an uninter- 
rupted increase almost from the beginning of the 
electric tramway régime. Last year showed an 
increase in total revenue of 95,8341. The average 
receipts per car-mile were 11.05d., as compared with 
10.6ld. The average for the 22 years since the 
acquisition of the tramway system is 10.68d. From 
time to time, however, concessions have been made 
as regards fares, and these are probably as cheap as, 
if not cheaper than, on any tramway system in the 
country. It is an interesting fact that 42.22 per cent. 
of the receipts are taken in 4d. fares, 33.9 per cent. 
in 1d. fares, 12.35 per cent. in 14d. fares, 5.01 per 
cent. in 2d. fares, 2.79 per cent. in 2}d. fares, and 
3.62 per cent. in fares of 3d. or upwards. The 
working expenses have also increased, but not in the 
same proportion as the revenue, and consequently, 
after payments to dependants and employees 
serving with His Majesty’s forces, there is a net 
balance of 383,894/., as compared with 340,890. in 
the previous year. To this there falls to be 
added 81,202/. interest on accumulated reserves. 
The depreciation and p2rmanent-way renewal 
fund, interest on capital, sinking fund, or income 
tax, collectively absorb 421,549/., and when this 
is deducted from revenue there remains a net 
balance of 43,5481. The amount borrowed as 
at the end of the year was 2,359,818/., so that 
it will be recognised that the security afforded 
by the City taxes confers great advantage on the 
tramway undertaking from the capital and in- 
terest point of view. It may be added that the 
amount to the credit of depreciation and permanent- 
way renewal fund is 2,447,945/., practically all of 
which is invested. The rates of depreciation and 
permanent-way renewal allowed for the year were 
3501. per mile of permanent way, 2.9 per cent. 
on electric equipment of line, 2.5 per cent. on 
buildings and fixtures, 5 per cent. on power station 
and sub-stations’ plant, 5 per cent. on work- 
shop tools and sundry plant, 8.2 per cent. on cars, 
6 per cent. on electrical equipment of cars, and 
16.4 per cent. on other rolling-stock. The amount 
to the credit of the general reserve fund is 31,1061. ; 
but, in addition, there is, to cover risks of accident, 
&c., a third-party fund. 


SYNTHESIS OF AMMONIA. 


The essence of the nitrogen fixation problem 
is that nitrogen, although a most important con- 
stituent of all the organic compounds on which the 
sustenance and propagation of life depends, as 
well as of many inorganic compounds which form 
the most powerful destructive agents, is in 
its molecular state and under ordinary con- 
ditions far too sluggish to enter into combination. 
Atmospheric nitrogen has to be raised to high 
temperatures or exposed to high pressures or 
powerful electric discharges before it will combine 
with oxygen, hydrogen, carbon and most other 
elements ; unfortunately the equilibrium conditions 
of these reactions are such, moreover, that the 
resulting products are rapidly decomposed again 
unless removed from the zone of reaction. If the 
elements could be brought together in their atomic, 
active state, the difficulties might vanish. From 
this point of view a communication which Dr. 
Zenghelis presented to the Paris Académie des 
Sciences on June 13, 1916, deserves attention. He 
has tried to synthetise ammonia from the elements, 
using either one or both of the elements in the 
atomic, nascent state and in the presence of 
catalysts. Hydrogen is obtained in that state when 
generated, e.g., by the dissolution of zinc in acid or 
by the electrolysis of water, or when occluded and 
reliberated by finely divided metals, especially 
platinum and palladium, also silver, &c., in the 
spongy, black or colloidal condition. Zenghelis 
passed, in his first series of experiments, a mixture 
of the gases—three parts by volume of hydrogen 
and one part of nitrogen—through water (acidified 
with sulphur dioxide in some experiments) in which 
the catalyst was suspended ; the water was heated, 
but only up to 90 deg. C. Some ammonia was 
obtained, especially with colloidal palladium or 
silver as catalysts; but the yields were very poor, 
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a “electrolytic and chemically-evolved hydrogen 
did not give better results. In the second series of 
experiments the nitrogen was atomic, the hydrogen 
not. The nitrogen was generated from sodium 
nitrite and ammonium chloride ; this reaction gives 
free nitrogen and also some nitric oxide and am- 
monia, which had to be allowed for in the estimates 
of the ammonia produced. The yields were again 
very low, although the experiments were continued 
for more than four hours. In the third series both 
the elements were in the nascent state, the nitrogen 
was generated as in the second series and the 
hydrogen as in the first, and then decidedly promising 
results were realised. The temperature ranged from 
70 to 99 deg. C.; that is to say, the water was not 
quite boiling. If all the nitrogen had been con- 
verted into ammonia, 5,000 cub. cm. of ammonia 
solution should have been obtained ; with spongy 
palladium 321 cub. cm. were actually found, with 
colloidal platinum 1,755 cub. cm., and with colloidal 
palladium 1,025 and even 2,060 cub. cm.; in the 
last-mentioned case there was more of the catalyst. 
Thus the yield came up to 40 per cent. The trouble 
is, of course, that the nitrogen which was converted 
into ammonia was generated from a nitrite and 
ammonium chloride, both materials at least as 
valuable as the ammonia to be produced. Dr. 
Zenghelis does not refer to this obvious point, of 
which he is quite aware, of course. His experiments 
are suggestive. But the difficulty is to find means 
of preparing nascent or active nitrogen. The 
mode of preparation to which Zenghelis resorted is 
the common laboratory practice ; passing chlorine 
into an excess of ammonia is another laboratory 
process open to the same objection. If we can 
fix nitrogen only by making use of nitrogen which 
had been in combination and was liberated from 
compounds again, the outlook is hardly brightened. 
Perhaps the electrically-activated nitrogen of the 
Hon. R. J. Strutt might be utilised. 


Tue Eartu as A MaGnet. 

Lecturing on “Our Earth a Great Magnet” 
—magnus magnes ipse est globus terrestris, William 
Gilbert wrote in his famous treatise “ De Magnete” 
—before the Carnegie Institution of Washing- 
ton last winter, Dr. L. A. Bauer, Director of 
the Department of Terrestrial Magnetism of that 
Institution, gave a brief account of the work of 
magnetic survey done by his department, in the 
years 1905 to 1915, all over the world, on land and 
at sea. Fifty expeditions have been made to more 
than a hundred different countries, fully a million 
miles have been traversed, and measurements 
have been taken at 3300 stations; the instru- 
ments are carried by the Carnegie across the 
oceans and Arctic seas, by craft of various descrip- 
tions on rivers and along coasts, by camels across 
the Sahara, by lamas over the Andes, by men and 
beasts of burden across China and Australia, &c. 
The Carnegie is the non-magnetic ship of the 
department, a yacht of 155 ft. length and 33 ft. 
beam, entirely built of wood and bronze and hemp, 
without iron ; even the four anchors are of bronze, 
the chain cables are replaced by hemp, the cutlery 
on board is of Mexican silver, and iron only enters 
into the construction of certain parts of her auxiliary 
machinery, pistons and cams chiefly; that iron makes 
up 600 Ib., or 3 per cent. of the total weight of the 
machinery. The Carnegie does not make more 
than 100 or 150 miles a day, unless the wind is 
very favourable ; but she has compassed the earth 
seven times without ever losing a man and without 
encountering serious mishap, although she has 
sailed in the Arctic seas near Spitzbergen and was 
at South Georgia Island on the days January 14 
to 16, this year; possibly she might have assisted 
the unfortunate members of the Shackleton expedi- 
tion if she had known of their perils. On this 
last journey the Carnegie failed to rediscover the 
Nimrod and Dougherty Islands on the South Pacific, 
for which Captain J. K. Davis in vain searched 
in 1909 when bringing back the first Shackleton 
Antarctic Expedition. The personnel of the Car- 
negie comprises twenty-three in all; the “ observa- 
tories” on deck are two revolving glass domes; 
they serve for meteorological as well as for magnetic 
observations. The Carnegie has already corrected 
a good many errors of the 
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of the oceans. Running 2000 miles west from San 


Francisco to Honolulu, Dr. Bauer observed errors 
of 1 or 2 deg. in the deviation of the compass, 
in the same direction unfortunately for stretches 
of 1000 miles, so that the vessel was 30 miles to 
the north of her assumed position at the end of a 
cloudy week, during which no astronomical observa- 
tions could be taken. On her first trip from 
‘Brooklyn to Falmouth in 1909 the Carnegie found 
similar though smaller errors even in the Northern 
Atlantic; sailors have often complained that a 
peculiar, abrupt change in the magnetic deviation 
occurred near Cape Race, Newfoundland, but 
Dr. Bauer traces the peculiarity down to errors 
on the magnetic charts. In the Southern Indian 
Ocean the errors amounted to as much as 6.5 deg., 
and many troubles ascribed to apparently rapid 
changes in the magnetism of modern steel ships 
seem to be due to faulty charting. Arrangements 
have recently been made for supplying the lead- 
ing hydrographic and scientific establishments 
promptly with the results of the new, improved 
observations, 


DETERMINATION OF NITROGEN IN COAL. 


There are various ways of determining the nitrogen 
present in coal, which is of the order of 1 or 2 per 
cent. By the Will-Varrentrapp method and its 
modifications the coal is heated with soda-lime, 
which converts the nitrogen into ammonia, Of late 
the nitrogen determination of Kjeldahl (which dates 
back to 1883) has come more into favour also for 
coal analysis, and this method and its modifications 
have been subjected to a critical examination by 
Messrs. Arno Fieldner and Carl Taylor, of the 
United States Bureau of Mines (Technical Paper 64). 
A gramme of the coal (seven samples, ranging from 
lignite to bituminous coal, were tested), powdered to 
pass a 60-mesh sieve, is digested with sulphuric acid 
in a Kjeldahl flask, being kept at a gentle boiling heat 
for several hours ; after cooling, crystals or powder of 
potassium permanganate are added; an excess of 
caustic soda and a few grammes of granulated zinc 
are then further added, and the flask is joined to a 
block-tin condenser which is charged with sulphuric 
acid to absorb the ammonia distilling over; the 
ammonia is finally determined by titration. Fuming 
sulphuric acid was originally used to ensure com- 
plete destruction of all organic matter; the per- 
manganate favours this oxidation and transforms 
the nitrogen or its oxides into ammonium sulphate, 
which is decomposed afterwards by the caustic 
soda with liberation of ammonia; the zinc is added 
to evolve hydrogen, partly to prevent jumping of the 
boiling liquid. Various modifications of the method 
have been proposed, mainly also for the purpose 
of making the method applicable in the presence of 
nitrates and other nitrogen compounds, Wilfarth 
introduced metallic oxides as catalysts, later also 
phosphorus pentoxide ; Dyer proposed mercury as 
catalyst ; Jodlbauer used salicylic acid in addition to 
the potassium sulphate which Gunning suggested for 
hastening the oxidation of the nitrogen. Examining 
these several modifications, Fieldner and Taylor 
recommend the Kjeldahl-Gunning method with addi- 
tion of mercury. They find that the addition of per- 
manganate, in small portions at intervals, does not 
lead to any nitrogen losses, as had been feared, and is, 
on the contrary, essential even when the liquid has 
been digested for four hours; they had, in most cases, 
to continue the digestion altogether for eight hours to 
make sure of having attacked all the nitrogen in the 
coal, and it is in general advised to digest for another 
two hours after the liquid has become colourless, 
The results were checked by the method of Dumas, 
which is generally applicable to organic compounds. 
Dumas mixed the material with copper oxide and 
burnt it in a combustion tube, which also contained 
copper gauze, the liberated nitrogen being collected 
as such after absorbing the water, carbon dioxide, 
and other products of the combustion. The Dumas 
method is laborious, and it was known that copper 
oxide, especially when allowed to cool in air, would 
absorb nitrogen and other gases and thus falsify the 
results of the analyses. Fieldner and Taylor once 
more studied this point and found that when the 
oxide is used in the wire form, heated for several 
hours under reduced pressure and cooled in carbon 
dioxide, the results of the Kjeldahl-Gunning and 
Dumas methods agree within 0.1 per cent. and 
less. 
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LITERATURE. 
—o~— ° 
The Cementation of Iron and Steel. By Dr. Fseprrtco 

Gioxrrtt, Professor in the Royal Polytechnic of Turin. 

Translated from the Italian by Josern W. Ricnarps, 

Ph.D., Professor of Metall: , Lehigh University, 

and C. A. Router, Ph.D., i t in istry, 

Johns Hopkins University. London: The McGraw- 

Hill Book Company. [Price 17s. net.] 

Wuen Professor Giolitti finished his book on 
cementation in 1912, no branch of metallurgy was 
so much under the rule of thumb as cementation. To 
a certain extent this is still so; mysterious cements 
of marvellous guaranteed efficiency, but of unknown 
composition, are still bought at high prices, and 
iron is contaminated with compounds with which 
it should not be brought into contact during cemen- 
tation, whilst science would enable the manufacturer 
to obtain better and more certain results with the 
aid of simple, inexpensive agents. Professor 
Giolitti is known both as a fertile investigator of 
this field and as an experienced metallurgist. 
Though he is silent on certain features—e.g., on the 
cementation of armour-plates, as to which his 
views would particularly be interesting—he gives 
plenty of sound advice; and an English translation 
of his work on “The Cementation of Iron and 
Steel” will therefore be equally welcome to the 
scientist and the practical metallurgist. 

The matter is dealt with in two parts, each of 
about 200 pages, the first on the Chemistry of 
Cementation Processes, the second on Industrial 
Applications of the Process of Cementation. In 
the first part, which may be called the scientific 
part, the line adopted is historical. A cementation 
process is any process permitting of carburising an 
iron or steel object, totally or partially, without 
subjecting it to fusion, by bringing it into intimate 
contact, at high temperature, with a cement, é.¢., a 
solid, fused, or gaseous substance from which the 
iron can take up carbon, which gradually pene- 
trates into the metal. It is curious to find that 
the first known literature reference, in the “ Piro- 
technia” of Biringuccio, of Siena, 1540, describes 
a kind of liquid cementation process, the heating 
of billets of soft iron in molten cast iron. But it 
is pretty certain that the makers of arms, needles, 
&c., had, from ancient times, practised case- 
hardening by means of powders the composition 
of which remained family secrets. The science of 
cementation began with the classical investigations 
of Réaumur, who, in 1720 to 1722, presented his 
results to the Paris Académie. He gave a powerful 
impetus to the cement steel industry, which de- 
veloped more rapidly in Sweden, England, and 
Germany, however, than in France, where suitable 
iron was not smelted in those days. 

Dr. Giolitti traces the history of cementation 
in theory and practice through his first four 
chapters, and sums up in the fifth. Though some 
points require further elucidation, the researches 
of the last few years have cleared up many con- 
troversial problems, concerning rather the inter- 
pretation of experiments than the experiments 
themselves, and the conclusions of the author will 
probably meet with general acceptance. Powdered 
carbon forms the basis of most cements, but its 
direct technical effect is certainly negligible, though 
carbon alone, when kept in contact with the iron 
for a sufficient time at high temperature, may have 
a very small superficial carburising effect, even 
without the intervention of any gas. It is gases 
which penetrate into the iron. Several gases have 
been considered important. Nitrogen in itself and 
alone hag no effect. Volatile cyanides might come in, 
hecauag' they are directly present in certain cements 
(as cyanides, ferro-cyanides, &c.),, or because in- 
directly they are formed by the action of the 
atmospheric nitrogen on the carbonates of alkalies 
and alkaline earths in the carbon or in the salts 
added ; whether the former have any ific carbu- 
rising effect cannot yet be decided; the latter are 
certainly without influence, and the gaseous action 
in these cases is due to the formation of carbon 
monoxide. This CO has a direct effect, which is 
particularly intense in the presence of free carbon, 
and CO is the enormously preponderating factor in 
almost all cementation processes. It has, more- 
over, the advantage that its action can be properly 
controlled. Carbon monoxide really penetrates 
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into the iron. In the case of hydrocarbons, this 
is true to a limited extent only, and hence hydro- 
carbons have a more superficial carburising effect. 
Real cementation does not appear to set in below 
780 deg. Cent. 

The author bases these general conclusions on a 
thorough discussion of all the available experi- 
mental data. More about the cements and their 
action follows in several divisions of the second, 
applied part of the book, and the reader may com- 
plain that the old conclusions are there reiterated 
at such a length that he is apt to overlook the 
additional practical points which are most impor- 
tant. Repetitions are a fault of the book. The 
first chapter of Part II. deals with total cementa- 
tion of wrought iron and soft steel. Dr. Giolitti 
prefers high-carbon steels, obtained by melting 
best cemented wrought iron in a crucible, to car- 
burising fused soft steel or to fusing cemented 
soft steel. The former products are more uniform, 
and to this feature Dr. Giolitti ascribes the recent 
rejuvenation of the cementation industry for manu- 
facturing superior high-carbon steels. Wrought 
iron of purest quality is, in his opinion, the best 
material; the preference for hammered over rolled 
bars the author considers traditional rather. The 
best cement would simply be powdered wood char- 
coal; of additional components, alkali carbonates 
and chlorides are, he thinks, the most “‘ innocuous.” 
The so-called exhaustion of the charcoal does not 
take place if an atmosphere of CO is maintained 
in the cementation chamber. Having described 
cementation furnaces and their working—the 
operation takes from twenty to thirty days—he 
recommends micrographic examination as the best 
and simplest means of controlling the process, and 
he ascribes the “ blisters” to the presence of slag. 

The second chapter concerns Partial Cementa- 
tion of Wrought Iron and Soft Steel—i.e., case- 
hardening, cementation with solid, liquid, gaseous 
and mixed cements being dealt with in sub-divi- 
sions. The material in this case should be steel, 
rather than puddled iron or wrought iron, if the 
cemented product is subsequently to be fused or 
strongly forged. The processes are suitable for 
large and small objects which are not to be brittle 
and not subject to rapid wear by friction. The 
author explains the practice very fully, going 
into many details; but there are no explanations 
under the diagrams, very rarely any dimensions or 
scales, and one does not know, until one has read 
the section, whether two diagrams facing one 
another belong to the same furnace or box or to 
different appliances. The author critically discusses 
the solid cements in use, favouring charcoal (wood, 
leather, horn) and the mixture of charcoal with 
barium carbonate (60:40); the latter gives a 
very homogeneous cementation, and the cement 
is easily regenerated by exposure to air. Coke 
saturated with heavy mineral oils is a “ quick” 
cement suitable for producing thin zones of cemen- 
tation (up to 1.8 mm. thick) in a few hours. The 
addition of sawdust to charcoal and salt makes the 
cements quicker. Parts of the piece not to be 
cemented are covered with asbestos, clay mixed 
with graphite, to prevent shrinkage, or putty. If 
possible, and not too expensive, the parts may origi- 
nally be left thicker, and then ground off before 
quenching, or covered with a metallic sheath of 
electrolytic copper. None of these protective pro- 
cesses are quite satisfactory. 

Liquid cements are recommendable only when 
the cemented surface—e.g., of an engraved steel 
plate—need not resist shock. The object is immersed 
in the fused cement or the powdered cement 


|(cyanides, ferro-cyanides, ferri-cyanides, together 


with dextrin and other salts which the author would 
dispense with), and then heated. Much more 
important are the gaseous cements, recent in their 
development, and still more the mixed cements. 
The Machlet furnace of the American Gas-Furnace 
Company is combined with an apparatus in which 
“inert” gas is bubbled through the heated carbu- 
rising liquid, petroleum, &c. The “inert” gas is, 
in reality, producer gas, which owes its efficiency 
chiefly to the CO, and the same, and better, results, 
Dr. Giolitti points out, could be obtained in the 
Machlet furnace with a mixed cement ; in the latter 
case the decrease of the percentage of deposited 
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carbon is not so sudden as with the former cements. 
Mixed cements consist of solid and gaseous con- 
stituents. We have explained already that the 
author ascribes the efficacy of these cements chiefly 
to their liberation of carbon monoxide, and he claims 
the following advantages for them :—High velocity 
of penetration, uniformity in the distribution of the 
carbon in the cemented zone, possibility of regulating 
the concentration of the carbon [by diluting the CO 
with nitrogen (air), by limiting the contact area 
between the carbon and steel, and by varying the 
temperature] as intended, continuous use of the 
same cement, absence of contamination with foreign 
substances ; ease in keeping the surfaces of cemented 
pieces perfectly unaltered, of reducing deformation 
to a minimum, and of protecting parts not to be 
cemented. The last-mentioned object is secured 
by letting the gaseous carbonising mixture (both 
CO and CO, will be present) circulate through small 
ports. The author describes the muffles used for 
this cementation ; they are generally of the vertical 
type, but horizontal muffles answer for rails, 
sectors, &c.; he gives cost estimates based on 
practical experience. To ensure uniformity of 
temperature the pieces should be preheated and the 
gas-current speed be kept low. The author has 
also experimented successfully on ‘ expelling” the 
carbon from the chamber during the operation 
(which can easily be done with vertical fu: naces), 
so that the gas continues to act alone (isolated gas 
reaction); the distribution of the carbon then 
becomes, with the cementations to depths of 5 mm. 
and 10 mm., still more uniform, and the risk of 
brittleness and exfoliation is minimised. 

Of special processes for cementation to depths of 
20 mm. and more the author says little beyond stat- 
ing that the just-mentioned method of using mixed 
cements, with isolation of the gas reaction, gives 
the best results, but that he must observe silence. 
There are analyses of two Krupp armour-plates of 
chrome-nickel steel very uniformly cemented to 
depths of 26 mm. and 31 mm.; the process is not 
explained. Dr. Giolitti observes the same reti- 
cence with regard to metallic cementation—i.e., 
the diffusion of metals into solid iron, which has 
assumed technical importance. According to J. O. 
Arnold and H. McWilliam (Iron and Steel Insti- 
tute, 1899), only certain “ migratory” elements 
(C, 8, P, Ni) can diffuse into solid iron ; not “ fixed ”’ 
elements, like Mn, Si, Cr, Al, W, As, Cu. The 
author questions this statement with respect to 
manganese and tungsten. We understand that 
Professor Arnold has quite recently resumed these 
investigations. In an appendix on Some Patents 
Concerning the Processes for Cementation, Dr. 
Giolitti refers to patented novelties which appear 
suggestive, but which he has not been able to test. 

The remaining chapters concern Thermal Treat- 
ment of the Cemented Products (not differing from 
general heat treatment), and Methods of Control 
(Raw Materials, Temperature of Cementation and 
Quenching, Course of Carburisation, Cemented and 
Hardened Products). The author favours micro- 
graphic study (after etching with picric acid or nitric 
acid; other agents are not mentioned)—in addition to 
pyrometric studies, &c., of course—and he emphasises 
as most essential that bars for shock tests. should 
be taken entirely from the core of the cemented 
specimen, and should not contain any part of the 
carburised zone. 

The two translators so divided their labour that 
Dr. Rouiller did the bulk of the translation, and 
Professor Richards took the responsibility for its 
metallurgical accuracy. Occasionally the reader 
cannot help noticing that he is studying a trans- 
lation, not an original book. The index, we regret 
to state, is not so complete as it should be. 





Rural Sanitation in the Tropics, being Notes and Observa- 
tions in the Malay Archipelago, P a and other 
Lands. By Matcotm Watson, M.D., C.M., D.P.H. 
London: John Murray. 1915. [Price 12s. net. | 
THERE are those, perhaps, who think that with the 
recent brilliant discoveries of Sir Ronald Ross and 
others the role of the scientific sanitarian is ended. 
To have traced the propagation of malaria and 
other tropical diseases to the action of the mosquito 
was a great advance, but it was only the beginning 
of that sanitary activity which is destined to yield 
such a bounteous return by facilitating enterprise 





JuLy 14, 1916.] 








in n tropical countries. The real difficulty that faces | se 


the medical authority, whos: position is often 
isolated and work hampered by inadequate funds, 
is to turn Ross’s discovery to practical account. 
Each district requires its own treatment, producing, 
it may be, its own special variety of mosquito, and 
acquainted with only the main fact that in these 
pests lies the key of the situation, how is he to 
determine the measures that should be adopted 
under new and untried conditions, or devise 
means to detect and baffle the habits of different 
kinds of, mosquito, who display a subtle ingenuity 
in circumventing the clumsy stratagems of man ? 
Success, great and lasting, will be gained only by 
building on the tested experienc: of all. Each 
one who approaches the subject should be placed 
in an advanced position by the experiments and 
knowledge of his predecessors, and on this ground 
we welcome with satisfaction this instalment from 
Dr. Watson, who has not only worked long and 
intelligently in his own district, but has compared 
his results with those of others at work in different 
parts of the world, thus broadening the foundations 
of sanitary science and facilitating the general 
advance. 

Dr. Watson’s proper field of work was in Klang, 
Port Swettenham, and a large section of the Malay 
Peninsula, The history of what has been accom- 
plished in this fever-stricken district is as remark- 
able as it is promising. There is a slight tendency 
in these days of stress, when mental capacity is 
displacing routine, to admit that scientific investi- 
gation has been of some advantage to the nation, 
that research has opened new avenues to capital, 
and to allow that intelligent inquiry, if not too 
troublesome, may be encouraged. The progress 
effected in the Malay Peninsula should strengthen 
these views. The improvements that have rewarded 
scientific work on malaria, as recorded incidentally 
in this volume, should go far to support the more 
liberal attitude now grudgingly accorded to science. 
Forty years ago the Malay Peninsula was the home 
of a few backward people, who supported a miser- 
able existence on a few grains of rice and bunches 
of fruit, possessing no property and no energy, but 
at times indulging in piracy and marauding adven- 
tures. Chinese immigrants gathered a little tin 
from the soil, or dredged from the rivers, but of 
trade there was little or none. Then came British 
protection, and the country improved, but the toll 
of life was heavy and it was not a white man’s 
country. But science taught the necessity of 
ridding the country of the mosquito, and showed 
how it could be done. Miners, white and Chinese, 
flocked into the district, and wealth grew “‘ beyond 
the dreams of avarice.” In the space of a single 
generation the country became one of the most 
prosperous on the globe. Towns with well-built 
houses, broad streets, and pure water supplies have 
sprung into existence. “There are schools for 
children, hospitals for the sick, and pure justice for 
the litigant and the lawless, while posts, telegraphs, 
roads and railways, second to none in cheapness, 
link up the whole land.” 

To accomplish this happy result, the fight against 
walaria has been strenuous and insistent. The 
author began the campaign against the insidious 
foe in 1901, a time when the epoch-making dis- 
covery of Ross concerning the spread of the disease 
had been confirmed, but when little was known of 
the proper preventive methods to be adopted. 
Ross favoured plans aiming at mosquito reduction; 
the Italians placed faith in mechanical prophylaxis 
by mosquito netting and the use of quinine: 
Koch specially recommended the use of that drug. 
Worst of all, little or nothing was known about the 
different species of anophelines, and the import- 
ance of species had not been recognised. At 
the author’s station of Klang, the work of eradicat- 
ing malaria seemed well-nigh hopeless, where “ no 
hot or cold season even temporarily stopped the 
mosquito pest, and every well, ditch, and swamp 
teemed with larve.” Moreover, there was an 
ignorant and bigoted population wherewith to con- 
tend, rendering the adoption of some alternative 
methods impossible, but fortunately leaving open 
the one avenue of mosquito reduction, which prac- 
tically proved the right one. 

By energetic, well-directed work on drainage, by 
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segregation of the native population on "sanitary 
areas, the general health was so improved that the 
admissions to hospitals in Klang and Port Swetten- 
ham fell from 610 in 1901 to 23 in 1905, while at 
the same time in other portions of the district the 
hospital cases rose from 197 to 353. The severity 
of the disease in 1901 was of so pronounced a 
character that at Port Swettenham the work of 
the Harbour Department and of the railway could 
not be carried on satisfactorily, and the High Com- 
missioner ordered the port to be closed till it 
should be made healthier. There was a notable 
improvement in health throughout the whole district, 
which, however gratifying, was not easy to explain. 
The solution of the riddle is probably to be found 
in the fact that many, suffered from the sequel 
of malaria without having exhibited the peculiar 
symptoms of the disease, and in a weakened state of 
health fell easy victims to abscesses, diarrhwa, 
dysentery, &c. 

There is no need to urge the value of such 
remedial measures, or the desirability of enforcing 
necessary precautions, but Dr. Watson drives home 
the pecuniary importance of the result by reminding 
us that the waste of only a cent a day on each 
coolie of a labour force of 40,000 amounts to a 
direct loss of 15,0001. per annum. Against this 
sum, or the actual saving, whatever it may be, is 
to be placed the cost of drainage and of filling up 
swamps, amounting, at Port Swettenham, to about 
93007. But a balance cannot be struck so readily 
as those figures would suggest. We have to take | 
into account the scientific training that arranged | 
the various methods of dealing with the port | 
under many and varying conditions. Some- 
times on high ground, at others in flat, swampy 
country, or by the side of streams and in clearances 
in the jungle, the danger has to be sought and 
worsted. Each situation demands its own remedial 
measures, and, further, we should acknowledge 
the entomological skill that renders it possible 
to track down the various species of mosquito, | 
note their habits, and devise plans for their 
destruction. Sometimes it was necessary to 
carry streamlets underground, sometimes the only 
available plan was to alter the composition of the 
water in the hill streams, so as to make it an uncon- 
genial habitat for all malarial mosquitoes. Un- 
tiring watchfulness and prompt ingenuity had to 
be ever on the alert. The prize was great, and 
it is well that those who may be inclined to under- 
value research should be reminded, when they 
draw dividends from plantation rubber companies, 
that the success and economic importance of the 
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rubber industry are due to the devotion and sacrifice | 
of a class of men of whom Dr. Watson is so worthy | 
a representative. 

We would like to tell the tale of the beri- -beri | 
disease, whose cause was as mysterious, and action | 
as deadly, as in the case of malaria, and where | 
science has won a victory as thorough and gratify- | 
ing; but these details belong rather to medical | 
journals. For a similar reason we do not follow 
the author in his journey through many of the | 
tropical regions of the globe, collecting from 
medical men on the spot their views of malaria, 
comparing their experience in combating the fell | 
scourge with his own, noting the coincidences and | 
differenees, and tracing the effects of local environ- 
ment. Sumatra, Hong Kong, British Guiana, and | 
Barbados were all visited in turn, while nearly half | 
the book is devoted to a description of the methods 
pursued at Panama, that finest example of sanitary | 
work, where one of the most pestilential spots in | 
the world has been rendered as free from disease as 
most places, even in temperate zones. 
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Tue Late Prince B. Gaurrzin.—Prince Boris Galitzin, 


| who, we t to hear, died in Petrograd on May 4, 
was one of the first authorities on seismolo and was the 
| inventor of a seismometer which is co: red the most 


| scientific instrument of its kind. His name has often 
| been mentioned in our columns in connection with the 
British Association Report on Seismology and cognate 
researches. He was professor of physics at the Imperial 
Academy of Sciences. 


Tue Manninc or tHe Mercantize Manrine.—It 
cannot be too strongly emphasised, says the Marine 
Journal, New York, that in the a war the Govern- 
“ments have no use in ir ships for officers or 
| seamen not of their own nationality. It is related that 
only a —: while ago the American master of a great 

tic ship under the British Paap was given the 
choice between qumnndening ts Cer and renewing 
British allegiance. The born captain of a 
British steamer arriving on our coast recently was 


all | promptly deposed by orders from home, though he had for 


years been «British eubjest "This may seem a 
hen pelle but persistence in it is the unmistakable 
p a) The British Government. Considerations of 
national safety imperatively over-ride all other con- 
siderations. one but Britons, or Frenchmen, or 
Russians, or Italians, as the case may be, are 
with authority on ships of their own flag. The merchant 
service in time of war must be almost as rigorously 
guarded as the naval service. 
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THE LATE MR. 8. T. DOBSON. 


WE regret to record the death by accidental drowning 
at Poole Harbour of Mr. Sydney Thornton Dobson, who 
was known to many of our readers as the engineer of 
the St. James’ and Pall Mall Electric Light Company, 
Limited. He had held this position for 27 years, practi- 
cally since the inauguration of thecompany. When the 

emands upon the stations outgrew their capacity the 
Central Electric Supply Company was formed by the St. 
James’ and the Westminster Electric Supply Corpora- 
tion to furnish a bulk supply to both, and to the 
undertaking Mr. Dobson and Sir Alexander Kennedy 
were joint engineers. 

Twenty-seven years form a large proportion of a life, 
which commenced in 1866, and leave very little to record 
of the earlier period. Nevertheless, Mr. Dobson 
crowded as much experience into that time as was 
possible. After leaving King’s College School he was 
engaged with Messrs. Edmunds and Goolden, a part 
of the time being spent at the Health Exhibition where 
the firm were showing the Hochhausen plant. In 
September, 1884, he was apprenticed to Messrs. R. E. 
Crompton and Company, working for a time under 
Mr. James Swinburne. In 1887 he was second engineer 
to the Crompton electric light plant at Tilbury Docks 
for a few months, and then he went to Vienna to the 
central station of the Imperial Continental Gas 
Association, a position he held for about two years. 

Mr. Dobson became a Member of the Institution of 
Electrical Engineers in 1889, and was for some time 
on the Council. He became an Associate Member of 
the Institution of Civil Engineers in 1891, and a full 
Member in 1898. His sudden death will be greatly 
regretted by his numerous friends. 





INDUSTRIAL NOTES. 

It is customary in Scotland for the miners, iron, 
steel and other industrial workers to take their annual 
holidays in July. The question was discussed at a 
joint conference of the Coal Mining Organisation 
Committee and representatives of the Ministry of 
Munitions, Scottish Coal Owners and Miners, held at 
the Home Office on the 6th inst., and it was unani- 
mously agreed that in view of representations made by 
the Ministry of Munitions as to the pressing necessity 
of the moment, it was essential in the national interest 
that the July holidays be postponed. It was further 
agreed that immediate steps be taken locally by the 
coal owners, in co-operation with the Scottish Miners’ 
Union, to carry out this recommendation. 





The Minister of Munitions announced, on the 7th 
inst., that in the exercise of his powers under Section 6 
of the Munitions of War (Amendment) Act, 1916, he 
has made two Orders regulating the wages of women 
and girls employed on munition work. The first 
Order prescribes rates of wages for girls employed on 
munition work of a class customarily done by men, 
and will be applied to the same establishments as the 
corresponding directions already issued for the re- 
muneration of women employed on that class of 
munition work. The second Order prescribes rates of 
wages for women and girls employed on munition 
work of a class not customarily recognised as men’s 
work, and will be applied forthwith to controlled firms 
in the main munition areas engaged in the production 
of armaments, ammunition and ordnance and in all 
branches of mechanical engineering and shipbuilding. 
The case of other areas and trades is under considera- 
tion. 





Meetings of the General Federation of Trade Unions 
were held last week in Leeds, under the presidency of 
Mr. James O'Grady, M.P., and were attended by 
10 delegates from France, 2 from Belgium and 5 from 
Italy. One of the delegates from Belgium, Mr. Gaspar, 
representing the Liége Metal Workers, stated that the 

illed Belgian arsenal operatives were seized by German 
soldiers and brought to the side of the machines they 
were in the habit of working, and on the men refusing to 
work they were flogged in the presence of their wive 


and chi — to being sent to prison in 
Germany. A ch delegate, Mr. Jouhaux, Secretary 
of the French Federation of Trade Unions, predicted 


that the war would bring closer together the workers 
of England and France and would have the effect of de- 
velo and strengthening their orgenisations. Colonel 
John Ward, M.P., in moving a vote of thanks to the 
foreign delegates said that the unions must insist upon 
having some voice in the peace conditions and must 
combine their forces to elevate those who were lower 
in the social scale and give greater opportunity to 
some of our Allies for free development in the future. 
The rise of a country did not decide its greatness ; 
Belgium was a proof of that. Mr. Ben Tillett stated 
that we had not only our own liberties to defend, but 
also the liberties of our Allies ; he believed, further, that 
we were defending even the liberties of the German 
workman, who would live to bless us for having stood 











against Prussianism and despotism and all the de 
humanising forces which existed in Germany. In the 
course of his address at the closing meeting, Mr. 
O’Grady said that the membership of the Federation 
was 1,076,000, and the reserve fund 135,288/. He 
suggested that the safety line in finance was a reserve 
of 500,0001. This year’s contribution to the reserve 
fund was 50,000I., largely owing to the fact that there 
had been only 176 disputes, as compared. with an 
average over five years of 651 annually. The falling-off 
indicated that the Federation had responded heartily 
to the appeal of the Government and had endeavoured 
to have as little friction as possible during the war. 

An interesting addition to the ranks of munition 
workers, says the Sheffield Daily Telegraph, is a party 
of between 50 and 60 Australians, who arrived in 
London this week-end. They left Melbourne on 
May 24, bound for Plymouth, and the party would 
have been larger had there been more room on the ship. 

These men are no strangers to England. Many 
took part in the landing at Gallipoli, and had been in 
hospitals over here before being sent back to Australia. 
They were all either fitters or turners, and, though 
unfit for further active service, they felt that they 
could still assist by making munitions. 

One of the party on landing informed a representa- 
tive of the Press Association that at present there are 
in Australia 70,000 efficient men with at least 14 
months’ training waiting to come over. The question 
of transport presents certain difficulties, but the 
enthusiasm of the commonwealth is unbounded. Even 
men of 60 are offering their services for any kind of 
work which may be of use to the Empire. 





Speaking at the annual conference of the Miners 
Federation at Buxton, last Tuesday, Mr. Robert 
Smillie, President, expressed the hope that before 
another conference came round a peace would be 
proclaimed which would ensure that never again in 
the history of the world would such a tragedy as the 
present war occur. No patched-up peace should be 

to. He claimed that the rank and file of their 
organisation had done everything in their power to 
carry out honourably the pledge given to the nation 
to secure the largest possible output of coal from the 
mines of the country. In regard to the use of stone- 
dust for the prevention of colliery explosions, the 
Federation were convinced that they were making 
progress and the Government would, within a very 
short time, introduce rules which would make collieries 
considerably more safer than they had been in the past. 
With reference to the wages question, he asserted that 
while it was true that wages were, generally speaking, 
higher than they had ever been in the history of mining, 
in no mining district had the increase in wages kept 
pace with the advanced cost of living. Speaking of 
the formation of the “Triple Alliance” of transport 
workers, railwaymen and miners, Mr. Smillie stated 
that anything like sudden demobilisation after the 
war might be a very serious thing to the men employed 
in those industries, and they were going to approach 
the Government and ask them that arrangements be 
made to prevent an enormous number of their men 
coming back from being out of employment after the 
war; he added that the Government must assure 
employment or State maintenance until employment 
can be found for the returning men. 

Mr. F. Hall, in moving a vote of thanks, expressed 
satisfaction with the result of the efforts made to reduce 
wilful absenteeism from the pits. In some cases, he 
said, absenteeism had been reduced to } per cent., 
and at some pits there had not been a single man absent 
during a whole week. 


A number of delegates of the Empire Parliamentary 
Association, statesmen from South Africa, Australia, 
Canada, Newfoundland and New Zealand, were received 
by the Lord Mayor of Sheffield last Tuesday. They 
subsequently visited different Sheffield works, including 
those of Messrs. Hadfield, Limited. In the course of 
an address to the delegates, Sir Robert Hadfield stated 
that before the war his works did a large amount of 
work for the Admiralty, but had not received a single 
order from the War Office for six years before the war 
started. At the present time their commercial output 
was only 10 per cent., as against 90 per cent. before the 
war. The works now covered 100 acres and gave 
employment to about 15,000 workpeople, including a 
number of women. He took that opportunity for 





saying that every credit was due to the women of | 8° 


England for the noble manner in which they had risen 
to the occasion. Sir Robert upheld British science, 
adding that we in this country had little to thank 
the foreigner for ; the opinion that Germany supplied 
a large amount of technical aid outside her borders did 
not hold good with regard to the majority of Sheffield 
work. If there had been any deficiency in the past 
in — to scientific development in this country, 
it had been largely due to lack of appreciation by the 





State. For the future, our mme should include 
encouragement of science by the State, the grappling 
with bounty-fed competition, and the tackling of 
railway rates, and in Sir Robert’s opinion the last 
problem would be settled by making the railways 
State-owned. 





The Newcastle Daily Chronicle states that a proposal 
for the elimination of all competition amongst trade 
unions has been issued by the Executive Committee of 
the Amalgamated Society of Carpenters and Joiners to 
the union members. To achieve this object a national 
organising committee is suggested, in order that over- 
lapping may be avoided and full co-operation assured. 
The appeal contains the following :— 

‘*We believe that immediately the war ends, the 
struggle on the industrial field between capitalism and 
labour in almost every country in the world will begin. 
We are convinced that the future will bring us face to 
face with problems different from any that we have 
previously experienced, and therefore it behoves us to 
make preparations. 

“Our members should insist on the trades councils 
beginning now a big organising campaign among all 
sections of our fellow-workers. The machinery of all 
working-class organisations should be strengthened in 
every possible manner. The stronger we are numeri- 
cally the more capable we shall be of protecting our 
interests when the change from war conditions takes 
place. There are over 8,000,000 of non-union workers 
(men and women) in these islands, and it should be the 
business of the trade unionists to see that a national 
campaign is carried on by those responsible for the 
conduct of our industrial affairs. 

“The trades councils could begin locally and the 
unions should request the Trades Union Congress to 
call together the executives, so that they can discuss 
and decide on the best methods to adopt in —— 
of the effort that should be made. Money is ly 
spent because of the overlapping which takes place in 
this work of organising. We must insist on co-operation 
taking the place of the competition which exists 
amongst unions.” 





Tue Metat Trape or Korera.—<According to the 
London and China Telegraph, the value of metal and 
metal manufactures imported into Korea in 1915 was 
408,113/., as compared with 505,793. in 1914, and 
498,717. in 1913. There was a decrease in the imports 
of iron bars and rods, galvanised sheets, pipes and tubes, 
and steel bars, rods, plates and sheets. In iron nails, 
however, there was a better showing, the principal gainer 
being the United States with an importation of 14,126/. 
The trade in iron-wire nails is worthy of the attention of 
United Kingdom manufacturers; the United States Steel 
Trust is endeavouring to extend its trade in this article. 





TuncsteN.—The Hansa Mines, Limited, an Argentine 
undertaking, produce about 50 tons per month of tungsten 
ore, and until the outbreak of the war their whole output 
was shipped to Germany. The mines have been largely 
controlled by German owners, reported to be associated 
with the Krupp company The total Argentine exports 
of tungsten ore from 1909 to 1913 inclusive were 3,319 
tons, of which 3,309 tons went to Germany and 10 tons 
to Great Britain. In 1915 the United States became an 
importer and took 135 tons. Upon the outbreak of the 
war, which cut off the German market, part of the plant 
of the mine was closed down. Now, however, the mines 
are working at their full capacity, and it is announced 
that the entire output for 1916 has been disposed of to 
American producers. 





“Att tHE Wortp’s ArrcrartT, 1916.’’—This, the 
seventh edition of the World’s Flying Annual, founded 
by the late Mr. Fred T. Jane under the title of “ All 
the World’s Airships,” is issued by Messrs. Samp- 
son, Low, Marston and Co., Limited, at 21s. net. 
In view of the large played by aircraft in the war, 
the book will be studied with very considerable interest. 
There is an attempt to give a record of aeroplane and 
airship construction in countries of the world, but 
obviously this is unavoidably incomplete so far as the 
belligerent countries are concerned, although so far as 
enemy nations are concerned the editor is to be con- 
gratulated on the extent of the information he has been 
able to gather together regarding the design of airships 
and aeroplanes. In connection with British aviation, 
it is interesting to note the steady increase in the number 
of aviation certificates granted by the Royal Aero Club 
of the United Kingdom. Up to the end of 1910 the 
number was only 45; in the following year this had 
increased to 168; at the end of 1912 the number had 
advanced to 382; the following 12 months resulted in 
nearly doubling the figures, the total becoming 719; 
1914 brought the total to 1,032; while 1915, with its 
t demand for patriotic action, found the total 
increased to 2,253. There is in the book an historical 
record, with illustrations, extending back 14 years, of 
great interest, but somewhat robbed of its full value 
by the fact that the illustrations are not ed in 
chronological order, while in many cases dates are omitted. 
A third part of the book deals with the world’s aero 
engines, and is contributed by the Technical Editor, 
Mr. C. G. Gray, of The Aeroplane. Illustrations and ~- 
ticulars of a great many aeroplane engines are given. e 
same writer adds an article on aircraft in war, and notes 
are also given on component parts and other subjects. 
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OFFICIAL MAXIMUM PRICES FOR 
COKE, IRON, AND STEEL. 


THE Minister of Munitions gives notice, under date 
July 7, that he hereby permits all persons until further 
notice (a) To buy, sell or deal in; or (6) offer or invite 
an offer or propose to buy, sell or deal in; or (c) enter 
into negotiations for the sale or purchase of or other 
dealing in certain war materials, subject to the fol- 
lowing conditions :—(1) This permit shall not affect 
the provisions of Regulation 30 (B) of the Defence of 
the Im (Consolidation) Regulations. (2) No sale or 
purchase of material in the United Kingdom not being 
under a contract in writing entered into prior to the date 
of this notice shall be at a price exceeding the prices 
specified in the Schedule hereto with reference to the 
respective classes and descriptions of material therein 
referred to, provided that this condition shall not apply 
(1) to a sale or purchase under a special permit granted 
by the Minister of Munitions, or (2) to a sale or purchase 
which is not a transaction or one of a series of transactions 
involving the sale or purchase of more than 5 tons, or 
(3) to any sale by a manufacturer of finished steel rolled 
from steel purchased by him, or (4) to a sale or purchase 
of material the export of which has been duly sanctioned. 
(3) Upon any such sale or purchase the seller and 
purchaser shall comply with any directions, whether of 
general application or otherwise, which may from time 
to time or at any time be given by the Minister of 
Munitions with regard to the use or disposal of the said 
war material. 

The Schedule above referred to is as follows :— 

Per ton net. 
Maximum Prices, -0.t., 
Makers’ ovens. 
d 


Durham and Northumberland : 


Blast Furnace Coke 1 8 0 
Foundry Coke _ ... ees ‘ 110 6 
Lancashire: Blast Furnace Coke _... : 64 
Midland Counties: Blast Furnace Coke ... 1 5 8 
South Wales and Monmouthshire: Blast 
Furnace Coke ese ese vn ww 23D 
South Yorkshire: Blast Furnace Coke ie 
West Yorkshire: Blast Furnace Coke 1 5 8 
Per ton net. 
f.0.t., 
Makers’ works. 
Hematite Pig-Iron—East Coast. £e. d. 
Mixed, Numbers 1, 2 and 3... aa nde 6 2 6 
Special quality, containing under 0.04 of 
Phosphorus and Sulphur von a FFE 
Special quality, containing under 0.03 of 
Phosphorus and Sulphur oan oe C81 6 
Special quality, containing under 0.02 of 
Phosphorus and Sulphur ede ae i 
Hematite Pig-Iron—<Scottish : 
Mixed, Numbers 1, 2 and 3... eee ee a 
Special quality, containing under 0.03 of 
Phosphorus and Sulphur eee ~~ © 
Special quality, containing under 0.02 of 
Phosphorus and Sulphur “ss o's ©. © 
Hematite Pig-Iron—Welsh : 
Mixed, Numbers 1, 2 and 3 on ae. ta oe 
Special quality, containing under 0.03 of 
Phosphorus and Sulphur saw -- 615 6 
Special quality, containing under 0.02 of 
Phosphorus and Sulphur , we & B © 
Hematite Pig-Iron—West Coast : 
Mixed, Numbers 1, 2 and 3 ian tnd . Tv 6 
Special quality, containing under 0.03 of 
Phosphorus and Sulphur eae oo O28°6 
Special quality, containing under 0.02 of 
Phosphorus and Sulphur sue a ep 
Cleveland Pig-Iron : 
Number 1... aan 411 6 
Other grades... oni “es ben ae 2. 
Derbyshire, Leicestershire and Nottinghamshire 
Pig-Iron : 
Forge ose 45 0 
Foundry Numbers 47 6 


Lincolnshire Pig-Iron : 
- Basic or Foundry .... ves ost — a 


Northamptonshire Pig-Iron : 


Forge eee 42 6 
Foundry Numbers oes 45 0 
North Staffordshire Pig-Iron : 
Forge oes oes Sse 410 0 
Foundry 412 6 
Basic ... ese ons one ée0 gee 415 0 
South Staffordshire, Shropshire and Worcester- 
shire Pig-Iron : 
** Part Mine”’ Forge... 410 0 
** Part Mine”’ Foundry 412 6 
Common Staffordshire 45 0 
** All Mine” F: bse 510 0 
“ All Mine” Foundry 515 0 
“Warm Air” Forge ose ove 7 0 0 
“Warm Air” Foundry _... vee 710 0 
Special Quality Lord Dudley’s Silicon 717 6 
Cold Blast Iron ove owe ove 817 6 
Scottish Foundry and Forge Pig-Iron : 
Nos. 3, 4 and lower grades of Monkland, 
Dalmellington, Eglinton and Govan ... 514 0 
Nos. 3, 4 and lower grades of all other 
brands 515 6 


No. 1 quality (Scottish) to be 5s. per ton 
. above these prices. } 


To the above-mentioned prices for pig-iron a sum not 


pose p Be caalerantnepen wet ang? oy be added in the 
case of sales by persons other than the ers. 
Maximum Basis Prices for Steel. 
s. d 
Ship Plates, }-in. and over ... ove 1110 0 
Boiler Plates... coe oss nee -- 1210 0 
Subject to extras for special thickness, sizes 
and qualities not exceeding those cus- 
tomary in district of manufacture. 
Angles, ordinary sizes ... ll 2 6 
Joists, ordinary sizes ... oes nen a 
Rails (railway), over 60 lb. per yard ... 10 17 6 
Sheet and tin plate bars eos eee 10 7 6 
Blooms and biilets, ordinary mild steel 10 7 6 
Blooms and billets, special... eee om w. 29 
Rounds and squares, 3 to 54 in. diameter or 
square (untested) ... ose eve -» 1210 0 


Tees, channels, flats, bulb angles, zeds and other 
sections of which the prices are customarily based on the 
price of angles to be at price of angles, subject to extras 
not exceeding those published in any list i 
by the trade in the district of manufacture and current 
on July 7, 1916. 

All subject to extras for special sizes and qualities 
not ex ing those published in any such list as above. 


Heavy Steel Melting Scrap ... 5/. 10s. per ton delivered 
Buyers’ Works. 
.-. 21. 158. per ton delivered 
Buyers’ Works. 
Maximum Price for Bar Iron. 
Standard quality, ordinary sizes and merchants’ lengths, 
137. 15s. per ton net, f.o.t. makers’ works. 
—- Bars, 151. per ton less 24 per cent. f.o.t. makers’ 
WOrks. 


Turnings and Borings 


Subject to extras for special sizes and qualities not 
exceeding those published in any such list as above. 

To the above-mentioned prices for bar iron and steel 
@ sum not exceeding 2} per cent. on such prices may be 
added in the case of sales by persons other than the 
makers. 


Maximum Prices for High-Speed Tool Steel. 


Finished Bars, 14 per cent. 2s. 10d. per Ib. delivered 
Tungsten buyers’ works. 

Finished Bars, 18 per cent. 3s. 10d. per lb. delivered 
Tungsten buyers’ works. 


(Subject to usual extras for special sizes.) 
Scrap : 
Millings and Turnings, 5d. per lb. net, delivered Steel 
Makers’ Works. 
Bar Ends, 6d. per Ib. net, delivered Steel Makers’ 
Works. 
All communications with reference to the above order 
and permit should be made to the Director of Materials, 


¢ Armament Buildings, Whitehall-place, London, 8.W. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on colonial and foreign 
engineering projects, taken from the Board of Trade 
Journal, Further particulars on these projects can be 
obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


Australia.—The Melbourne Office of H.M. Trade 
Commissioner in Australia has forwarded copies of the 
specifications and forms of tender in connection with 
calls for tenders by the Victorian Government Railways, 
as follows :—Sealed tenders, on the proper forms, will 
be received up to 11 a.m. on September 6, by theVictorian 
Railway Commissioners, Spencer-street, Melbourne, for 
the supply and delivery of (1) 12 three-phase crane 
motors and controllers and 11 one-phase workshop 
motors and starters (Contract No. 30,110); and (2) 
3 dry grinding machines, 2 beading and coping rolling 
machines, and 2 tube swaging machines for railway 
workshops (Contract No. 30,203). Tenders must be 
accompanied by a preliminary deposit of 4 per cent. of the 
amount of the offer in each case. Local representation 
is necessary. 


Spain.—The Gaceta de Madrid publishes a Royal 
Decree authorising the Spanish Ministry of Finance to 
present to the Cortes the general State Estimates for 
1917. The following are some of the chief items assigned 
in favour of the “ Ministerio de Fomento” for public 
works :—Roads,— Upkeep of roads, 27,340,959 pesetas ; 
new road works, 27,334,445 pesetas; repair of roads, 





11,675,837 pesetas ; street paving, &c., works in Madrid, 
2,040,000 peset Railways.—Surveys and _ general 
expenses, 1,245,000 pesetas; constructional work and 


subsidies to railway concessionaires, 12,375,000 pesetas. 
Ports, irrigation, &c.—Port works and services, 14,224,380 
pesetas ; lighth , 1,484,863 pesetas; new hydraulic 
works, 8,287,354 pesetas; the Aragon and Castille 
canals, &c., 6,132,646 pesetas. (25 pesetas = £1 (par 
rate).) 








Our Coat Asroap.—The falling-off in our coal 
exports is becoming more consid , the shipments 
in June having been 3,265,698 tons, as compared wi 
3,557,306 tons in June, 1915, and 5,734,220 tons in June, 


th | wave-lengths between 6560 and 


CATALOGUES. 


Zines for Leclanché Cells.—Every user of Leclanché 
cells must have noticed that a very considerable part of 
the zinc rod employed in these cells is always wasted. 
In individual cases this waste may seem to be igible, 
but when one considers the enormous number of in 
use - this ype fet, will be evident that, —— 
tively, it is of considerable importance, especially wi 
zine at its t price. When an ordinary cylindrical 
sed io Gaupleped in @ Leclenahé ool the axthes of ths 
electrolyte ag to be greatest somewhere about 
one third of length from the lower end, and the rod 
eventually breaks off at this part, leaving the upper end 
but little affected. It is thus possible to dine the 
diameter of the upper part of the rod without affecting 
the efficiency of the cell or the life of the zinc, and this has 
been done by British Insulated and Helsby Cables, Limited, 
of Prescot, Lancashire, who have recently sent us a 
leafiet relating to the matter. The zincs now made by 
this firm have their largest diameter at the part where 
the greatest action takes place—i.e., at about one-third of 
the total length measured from the lower end. From 
this part the diameter d equally in both directions 
to about two-thirds of its maximum value, and the 
end of the rod is cylindrical, as usual, but of the omeliest 
diameter. The maximum diameter does not exceed that 
usually employed for the whole length of the rod, so that 
a considerable saving in zinc is effected by reducing the 
diameter as explained above. The zincs are own in 
three sizes, for 3-pint, 2-pint, and 1-pint cells. 


Large-Power Oil Hngines.—We have received from 
Messrs. William Doxford and Sons, Limited, of Sunder- 
land, a pamphlet giving some particulars of a new design 
of oil engine they have constructed for demonstration 
> and also giving the results of a long continuous 
trial. The engine, which forms of a four-cylinder 
vertical engine designed to develop 1800 brake horse- 
power at 130 revolutions per minute, has a single cylinder, 
19.6 in. in diameter, in which two pistons work in opposite 
directions. The upper piston operates a 
above the cylinder, and the crosshead is connected to 
the crank-shaft by two side rods and two connecting rods ; 
the lower piston is connected to the crank-shaft in the 
usual manner by a single piston rod and a connecting rod, 
Both pistons have a stroke of 29} in. The engine works 
on the two-stroke, constant-pressure cycle, and the 
fuel oil is injected into the cylinder horizontally between 
the two pistons, which thus form the top and bottom 
surfaces of the combustion chamber. This is an important 
feature of the design, which obviates any local action of 
the fuel on the piston heads. Among other advantages 
claimed for the design it is mentioned that the main 

i are almost entirely relieved from pressure, 
since the loads on the two pistons practically balance 
each other ; the cylinder is a plain tube of nearly uniform 
thickness ; large powers can te obtained from cylinders 
of small diameter ; and the small diameter great! ly facili- 
tates the cooling of the cylinder and pist th 
important point is the absence of cylinder heads, which are 
usually intricate castings in which unknown stresses are 
produced by pressure and unequal heating, as well as in 
the course of manufacture. Various trials were i 
out on the engine with a 50 per cent. overload, a 25 
cent. increase of working pressure, an increase of speed to 
150 revolutions per minute, and an increase in the tem- 
perature of the cooling water to 200 deg. Fahr. from its 
normal value of from 160 to 170 deg. Fahr. The results 
obtained were quite satisfactory, and no detrimental 
effects of any kind were discovered, though the working 
parts were thus subjected to stresses far in excess of the 
normal. A trial was then carried out with the ine 
running, under the supervision of officials of Lloyd's 
Register, for 344 days without a stop, and developi 
470 brake horse-power at 112 revolutions per minute. 
photograph reproduced in the pamphlet shows that at 
the end of the run the piston heads were clean and the 
rings _ free. The consumption of fuel oil was about 
0.43 Ib. per shaft horse-power hour, but the kind of oil 
used is not stated in the pamphlet. We understand that 
no difficulty is experienced in burning the heaviest fuel 
oils without using ignition oil, and that tar oils, Mexican 
crude oil, Californian oil, Roumanian residue, and 
Russian Mazut have been successfully employed. The 
engines are being standardised for stationary work as 
well as for marine propulsion. 














Liquip Hyprocen, Density AND Rerractive INpDEx. 

most recent determinations of the density and 
refractive index of hydrogen made by Dr. Herbert 
Augustin (Annal. Physik, volume 46, 419) are in 
close agreement with the values found by Dewar and 
by Kamerlingh Onnes. To determine the density, 
Augustin, at Leipzig, s nded a cylindrical body of 
quartz, 23 cub. cm. in volume, by a fine platinum wire 
(attached to a balance) into the liquid h con- 
tained in a Dewar vessel. The density fo was 0.07106 
at — 252.83 deg. Cent, and 745.52 mm. pressure; 
Dewar had found 0.07 or a little more, Onnes 0.07093. 
The refractive index was determined by the total-reflec- 
tion method of E. Wiedemann, the plane- 1 te 
consisting (as in Dewar and Liveing) of two tes, 
3 mm. in thickness, cemented toget! by a piece of 
tissue "4 soaked in egg albumen, the paper having a 
hole in the centre. Five determinations were made, for 


4040 Angstrim units, 
and the refractive index rose from 1.0924 to 1.11262 


1914. For the first six months of this year the te | with decreasing wave-lengths. The refractive index of 
exports were 19,075,461 tons, as compared with 29,332,590 liquid nii , determined for the same wave-lengths, 
tons, and 34,586,938 tons in the i of | rose f: 1.19715 to 1.20125. From a consideration of 


1915 and 1914, the totals a increased to 20,504,687 
tons, 23,377,174 tons, and 36,148,907 tons by the addition 





of coke and patent fuel. 





A. Wiener’s views on the connection between density 
and refractive index, Augustin that the mole- 


suggests 
cules of liquid hydrogen are of spherical shape. 
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PARAFFIN CARBURETTOR. 
Tue high price of petrol is directing the attention of 
owners of commercial vehicles to paraffin, which is, 
of course, very much cheaper. For a long time the 
owners of motor-boats have used paraffin with success, 
the greater power they require and the constant load 
having m economy more urgent in their case. 
Petrol has, however, held its position on land due to 
ite great adaptability to varying loads and to the ease 
with which a motor can be started with it when all is 
cold. There is, however, no reason why petroleum 
should not be used if the necessary utions are 
taken to adapt it for the purpose in view. Several 
carburettors have been brought out for this purpose, 
and yesterday there was a successful public demonstra- 
tion at Burford Bridge, Surrey, of one which is manu- 
factured by Messrs. 8S. Smith and Sons (Motor Acces- 
sories), Limited, of 179-185, Great Portland-street, 
London, W. The carburettor itself is of the usual 
Smith type, but to that is added the King paraffin 
attachment. The object of this is to feed the cylinders 
at starting with petrol vapour, and then, when they 
have become warmed, to add petroleum vapour from 
one or more auxili 
for power. If this demand is greater than the petrol 
jet and one paraffin jet will supply, the petrol jet is 
cut off as the second and third pa jets are brought 
into action, and by this arrangement, it is stated, the 
percentage of petrol used is never more than 20 per 
cent., against 80 per cent. of n. 

Figs. 1 and 2 explain the action, while Fig. 3 shows 
a slightly modified ment, There are two 
float chambers, A for pai and B for petrol. Con- 
nected to these are four jets, each fitting into a separate 
choke-tube or port. A valve, or dashpot at O, sliding 
on the pede ap spindle, brings these successively into 
action according to the speed of the engine. Before the 
engine is started the controlling valve is at its lowest 
position and all the ports are shut, with the exception of 
the first, which remains half open. When the engine 
is turned the suction atomises the delivery from this 
jet, and starting is effected. As the throttle opens and 
the engine suction increases, the controlling valve rises 
and opens successively the second, third and fourth 
ports, all of which are supplied with paraffin. These 
three jets, as explained, have a separate float, distinct 
from that which controls the petrol jet. When the 
third jet—that is, the second paraffin jet—is opening, 
the valve cuts off the petrol jet completely. 

It is well known that it is not sufficient to atomise 
paraffin, since liquid  ergpeeny or vescicles, are then 
carried into the cylinder and dissolve the oil on the 
wall, The paraffin must be actually vaporised, and 
to this end it is necessary to heat it. Around the float 
chamber A and the valve chamber C there is a water 
jacket, and through this the circulating water is con- 
tinually passed by the pump from the pipe E to the 
pipe F, imparting a portion of its heat to the oil. 
Further, lest the evaporation should again reduce the 
oil to the precipitation point, the inlet pipe B to the 
cylinders is also jacketed, and a part of the exhaust 
gases is passed through the envelope, entering at the 
top and leaving at the bottom. 

There is certainly no scientific reason why paraffin 
should not be in motor vehicles, provided that 
it always enters the cylinders in the form of gas, and 
this end seems to have been successfully attained by the 
King paraffin attachment. 





ENtARGING PHOTOGRAPHS wiITHOUT A LzENs.—A 
curious method of enlarging photographs by a simple 
mechanical process without the use of a lens is described 
7 Mr. A, J. Lotka, of New York, in the Physical Review 
of June, 1916. The negative to be e is moved 
past @ narrow slit-source of light, and the sensitive plate 
underneath it is moved at the same time at n times 
the rate of the negative ; the enlargement will then be 
n times. In the actual device a lamp hangs over the 
slit; underneath the slit is first the original negative, 
then close to it the sensitive plate, and the carrier in which 
the plate is resting. If the movement is horizontal with 
regard to the picture, the positive obtained by developing 
the sensitive plate will magnified n times in 
horizontal direction and not magnified in the vertical 
direction. The process is now repeated, the positive 
having been turned thro 90 deg. in the carrier; then 
ment will only affect what had been the 
vertical direction in the origi i o todeys 
picture will again be a negative on original 
scale. ene be 2, a two-fold movemen ral - 
simply be e y means o = passing 
aay taneuah eyes on both sides of the negative and to 
the box ; the carrier is pulled by another string, and wi 
travel at twice the rate of the Other magnifica- 
tions can be secured with the aid of a simple device, which 
enlarged copy free of distestion end of unideom Shaman 
tion over the entire field. Two exposures are required to 
obtain a me) that would be so with 
‘y, 


of a uniform movement would probably be more trouble- 
some than the distortion due to lenses. 


nozzles, according to the demand | 


expense 
the | usually—that out of many offers a few 





THE KING PARAFFIN CARBURETTOR. 


CONSTRUCTED BY MESSRS. S. SMITH AND SONS (MOTOR ACCESSORIES), LIMITED, LONDON. 




















DRAUGHTSMEN. 





Fig.2. 























construction—its initiation, its subsequent development 


| and completion ; the trained draughtsman to-day is and 


To tHe Eprror or ENGINEERING, 
Srr,—I am interested, as many others of your more | 


humble readers are, in the correspondence now appearing 
under the heading of “ re and the remark- 
able letter in your issue of the 7th inst. has roused me | 
from my lethargy. Surely the writer must be the 
rson of “push and go” so extensively advertised for 
y the Government— missing link, in fact. A wider | 
experience and closer observation of the workings of the 
Regulations as they affects draughtsmen—the brains of 
engineering establishments—would have modified his | 
production ; perhaps, however, it is the judgment that | 
comes wi that is required. name and | 
address, with hints as to the best means and time of day | 
for “ tackling ’’ his employer would be appreciated by | 


July 8, 1916. 


Yours truly, } 
CLYDESIDE. 


To THE Eprror or ENGINEERING. 
Sir,—The correspondence now being carried on in 
your valuable eos mee Bo ae pe with the status | 
of an engineeri ughtsman is of extreme importance | 
to all who on eauaed in this exacting profession, and as | 
I am one who has already spent nearly 25 years in its 
various branches, I claim to have gained some knowledge | 
of the unfortunate position into which the profession | 
has been allowed, due to lack of combination, to descend. | 
Matters have reached that stage when united action 
becomes important to prevent a further descent to the 
level of that reached by the clerk some few years ago, 
before anything like a bination was d agst 
the well-trained of the clerking profession. Until some- | 
thing is done by way of mation to put a stop. 
to the action of employers who expect the highest results | 
both in skill and knowledge from the draughtsman em- 
a matters will not improve. 
erhaps the employers are, after all, not wholly to | 
blame in their action, seeing the absolute weakness | 
displayed by the profession generally, and knowing | 
in most cases the prime cause of such weakness. | 
refer now to the introduction of a type of self-termed | 
draughtsman who, having gained a rudimentary know- | 
ledge of the art of line drawing, has the colossal 
assurance to class himself with the genuine article, one | 
with a life’s a him coupled with a brain, | 
and natural skill, which is conspicuous by its absence | 
from him who imagines a few hours’ training at a third- 
rate evening class is sufficient for the position desired. 
The employer takes advantage of the fact that hundreds 
of young men, having been released from colleges and 
ing centres, offer their services for a salary which is 
just a bare return, and in the ho vain | 
might be found, the pl decides ~ _— 
ight ound, employer i to engage from 
the ranks of the inefficient, cheap, and nasty. One may | 
argue that the mistake is realised to the benefit of the 
— htsman, but the damage has already been 
eum, for in bie knowledge of the t and i ing | 
weakness of the iession due to lack of combination | 
and isation, has ‘orce to agree to the lower | 
and lowered terms of the employer; so in the end | 
he—the employer—obtains a highly skilled man at a| 
ridiculous ° 
It is time this state of affairs was rendered nape 
aad qualited cagccting deeughtsmon whe chockd 
quali engineering tsmen 0 b 
their combined action show the masters their mistake 4 
imagining a highly trained thinker and creator —for it is | 
often so—can procured for a few shilli al 
Before the workman mechanic can start - is 








Sainte | 
to do, before | 


it is the draughtsman who is the responsible person ; 
it is he who is under consultation m the early stages of a | 


must be an engineer; before he can hope to grapple with 
any problem properly he must have spent years in works, 


| years in commercial life, years in the drawing and 


designing office ; no automatic tool produces his work ; 
everything, every action is brain-controlled in the 
strictest sense ; even the early s of his work com- 
bine all that is required of the mechanic at the present 
day machinery, a I say this in no way bitter toward 
the mechanic, but only to show that what organisation 
has done for one, it may and must do for another, and 
place the skilled draughtsman on his pedestal again so 
that he may rank with those of other professions both 

regards salary and status, and ensure for him a 
prosperous future. 

I enclose my card and trust you may be able to find 
space for these few remarks, not to end matters, but to 
open them up still more, so that many others may become 
interested in the welfare of an engineering draughtsman. 

Yours a don 





. mi. THE EDITOR OF mecteaaser wow gy “ie 
IR,— ly to your correspondent, Mr. H. 8. 
Ellson, I bay fos to make a few remarks. A 

of his reply to “ Staffed,” it is surely evident that were 
one, at the present time, to give up a job due to a decrease 
in wi » it might be rather difficult under existing 
conditions to tai th ituation unless such 
decrease were conclusively proved to be unwarranted. 

With reference to his “ self-reliant and self-confident 
attitude,” it might be suggested that this is not 
n ily always in direct proportion to a man’s 
engineeri ability, and, further, that the individual 
with the broadest education is usually very sensitive 
to his own shortcomings and under no illusions as to his 
indispensability. 

Apart from this, however, I think that your corre- 
— takes a rather narrow view of the scope of an 

iation of Engineering Draughtsmen. Such a body, 
had it existed, could at the present time have helped 
to increase materially the efficiency of the engineering 
ind . One cannot help being impressed with the 
futility of “situations vacant” columns, where the 
following advertisement is typical of many: ‘‘ Wanted 
at munition factory as departmental managers, energetic 
young men of good education who have been di 
from the army or are ineligible. Must be capable of 
doing a good day’s work. ineering experience an 
asset.” ere we have one of those factories on which 
the existence of our country and the lives of our soldiers 
depend reduced to stipulating for a man who can do 
“a day’s work” and which at the same time, while 
admitting that engineering experience is an asset, is not 
in @ position to command this qualification. 

a a a ; + on ro mee eer en A = 
apply,” as eligible men otherwise e ve 
been called wu  uind Hibvee Gasen dlaumox those over age, ° 
unfit, and di » @s possible applicants for all 
existing vacancies. It is very improbable that all these 
can be filled, and that, most efficiently, from this source, 
as the choice even among these is limited to those not 
in controlled establishments. 

An association, however, would have been in a position 
to submit for consideration the qualifications of any of 
its members fitted for these posts and, while exercising 
discretion as to claims for more efficient employment, 

systematic and 





in| could have put these forward in a 


businesslike manner. It would strike one, then, that 

of ae 6 a en eee te ys hd 

present, surely something similar w: good during 
period of reial 


the severe comme’ world-competition 
following the war. 
Yours truly, 
Glasgow, July 10, 1916. EFFIcreNncy. 
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BOILER-HOUSE DESIGN AND OPERATION.* 
By W. W. Lacxiz, E 


Corporation 


Tue design, equipment and operation of a boiler-house 
in connection with an electricity generating station | 
invite attention to a variety of quite distinct engineering 
problems, almost any one of which would require a paper 
to itself. In the time at our disposal attention will 
necessarily be confined to a general survey of the boiler- | 
house as a whole, and it may be that passing reference to 
certain of the details of boiler-house design and equip- | 
ment will lead to a fuller consideration and discussion 
of these. 

Two years ago Mr. Fedden read a paper on this subject, 
but as coal and its economic use have been very forcibly 
brought before us during the past year, it was thought 
that a further paper and discussion on the subject might | 
be to the advantage of all concerned. Many considera- | 
tions have now to be kept in view in the design of a | 
modern boiler-house, but the main object has come to be | 
to have the maximum of steaming capacity in the | 
minimum of space. The necessity for this has largely | 


ineer and Manager, Glasgow | 
ectricity Department. 


| adds to the area is to be avoided wherever ‘possible. It 
| is in fact now i 


recognised that a modern boiler-house 
should consist of three storeys at least : the basement or 
und floor a So plant, the second 
oor containing the boilers proper, and the third or upper | 
floor contain’ economisers and coal - conve 
machinery and probably coal storage in the form o' 
overhead hoppers above the boilers. Draught fans may 
be placed on any one of the three floors. 
question of chimneys and chimney draughts is by 
no means settled, but in stations where boilers of 50,000 Ib. 
capacity are installed it is necessary to erect a separate 
chimney for each boiler or each pair of boilers. ne is _ 
ractically compelled to adopt steel in preference to brick 
for chimneys in a modern boiler-house, as with steel the 
chimney can be erected from the third floor, on which the 
economisers are placed, whereas if brick is used founda- 
tions have to be laid on the basement or ground floor and 
the structure continued to the third floors, at which point 
only it comes into useful commission. The brick 
chimney foundations and superstructure up to the 
second floor simply mean a waste of valuable space and a | 
mass of brickwork which serves no useful . 
It is desirable not only to deal with ashes ejected from 


|The second draught- 
| boiler. 


~ i.e., the difference in pressure across the boiler elements. 


This will be a measure of the flow of the gases through 
the boiler and will indicate when a boiler requires cleaning. 
gauge should show the difference 
the ash-pit and the outlet of the 
This second gauge will always read higher than 
the first, and the difference is obviously a measure of the 
draught through the fire. Steam-flow), meters are as 
n on boilers as an ammeter is on a generator, 
as they indicate what each boiler is doing, and whether 
all the boilers are doing their fair proportion of the work. 
One or more CO: recorders have been for some years 
i as part of boiler-house equipment, and these 
are found to be a valuable adjunct, as they are an index of 
the working efficiency of the boiler-house. A word of 
warning, however, is required = assuming that 
high CO, always means high efficiency. There may 
be a large quantity of CO present. ere should be 
thermometers or pyrometers with dial face on every 
boiler, giving the temperature of the superheated steam 
leaving the Boiler, also the temperature of the gases at 
the damper. 


Steam Piping.—With boilers of the size under dis- 


of pressure between 


been brought about by the introduction of turbine-driven | the boilers, but also to deal with riddlings and any semi- 
generators and the ever-increasing size of generating sets. | burned fuel. These riddlings have to be returned to the | 


| cussion, steam piping should be carried from each boiler 


or pair of boilers to a steam drum or receiver placed on 


Twenty years ago, in the design of a generating station, it 
was a simple matter to install an additional boiler for each 
addition to the engine-room plant, as a reciprocati 
engine of 500 horse-power, or even 1,000 horse-power, wit 
its generator occupied practically the same amount of 
space as the boiler plant required to supply steam to such 
sets. 
boiler-house was practically the same asthe area necessary 
for the engine-room, and extensions were easily made. 
On account of the poor load factor which prevailed in 
these stations, due to the fact that the demand was 
—— for lighting supplies, the limited area of supply, 
and the central site chosen for the station, economisers 
were seldom installed and the stations were run non- 
condensing. The power per square foot in the engine- 
room varied, but 1 horse-power per square foot of engine- 
room floor space was an average figure. The boiler-house 
was, as a rule, a one-storey building, and an evaporation 
of 14 lb. of steam per square foot of boiler-house floor 
space, or 42 lb. per square foot of boiler be ag was 
the steaming a ey This was conside’ a good 
average figure. The boilers were hand-fired and the coal 
store was the floor in front of the boiler or a bunker in 
front of and practically on the same level as the boiler. 
All ashes had to be removed by hand on to the boiler- 
house floor or direct into hand-barrows, to be wheeled 
away at any convenient time. 

A few years later, when it began to be recognised that 
the supply of electrical energy for power purposes was 
an economic possibility and larger stations were being 
erected, the power per square foot of engine-room space 
per horse-power was not seriously increased, as condensing 
engines were installed, and the space required for con- 
densers increased the size of the engine-room and increased 
the total space occupied by the steam-using plant. 

r boilers were used, but economisers were then 
installed, and these were, as a rule, on the boiler-house 
floor level, and the evaporation per square foot of boiler- 
house space was not seriously inc 

The further growth in the demand for electric energy, 
the much improved load factor, and the introduction of 
the use of the steam turbine for the driving of electric 
generators about the year 1904, brought about a distinct 
change in the relative space required for engine-room 
plant and boiler-house plant. The turbine-room came to 
consist of a two-storey building, the condensers being on 
the ground floor or basement floor, and the turbo- 
generators on a floor above. Instead of having 1 horse- 
power per square foot of engine-room floor space, we have 
to-day turbine-rooms with 5 horse-power per square foot, 
and in designs for new power stations, using 15,000 to 
30,000 kw. sets, this figure may go up to 20 horse-power 
per square foot of engine or turbine-room floor space. 

With this enormous increase of power per square foot 
of turbine-room, c in boiler-house design are 
absolutely imperative, particularly in the lay-out of the 
boilers, otherwise the space occupied by the boiler-house 
will be out of all proportion to the space allotted to the 
turbine-room. 

It is now recognised that even with improvements in 
boiler-house design, where very large turbo-generators 
are in use, every pair of such sets requires a separate 
boiler-house. Several present-day power-houses have 
an evaporation of 50 lb. of water from and at 212 deg. F. 
= square foot of ground space occupied by the boilers, 

ut it is possible with improved design of the boiler-house 
plant to approach an evaporation of 100 Ib. from and at 
212 deg. F. per — foot of the ground space actually 
occupied by the boilers. We therefore find that while 
the engine-room floor space and the boiler-house floor 
space were 20 years ago about equal, and remained so 
even for 10 years thereafter, to-day in a large modern 
generating station the ground space occupied by the 
boiler-house is from 1} to 2} times the space occupied by 
the turbine-room. 

The first consideration is to ensure the maximum grate 
area per square foot of boiler-house floor space, and it 
appears that burning coal with natural or induced draught 
at from 26 to 30 lb. per square foot of grate area there is 
a limit to the maximum possibl tinuous output per 
square foot of grate area, and that consequently there is a 
limit to the maximum power per square foot of boiler- 
house floor Arranging the ilers and economisers 
all on one floor practically doubles the area of the boiler- 

; and in a modern boiler-house anything which 








* Paper read before the Incorporated Municipal 
Electrical Association, June 22, 1916. - 


In these early stations the area occupied by the | 


coal-conveying plant and thence to the overhead coal- 
hoppers, so as to be used again in the furnace. 
e necessity for concentration of power has made the 
water-tube boiler indispensable for the modern power- 
| house. The evaporative capacity of any boiler depends 
upon the grate area, or, in other words, the quantity of 
| coal which ean be burned underneath it, and conse- 
| quently the maximum concentration of power is obtained 
| when the whole of the generating and recuperating surface 
| is assembled directly over the grate. Even with this t 
| of plant the assembling of the heating surface over the 
te area is undergoing modifications in order that the 
fighest possible evaporation per square foot of ground 
| space may be obtained. 
The space actually occupied by boilers at present, with 
| the Y I gz betw 
33 per cent. of the total boiler-house floor space, and of 





| this 33 per cent. the grate area only accounts for one-half. | 


Let us consider the case of a boiler-house which has to 
supply steam to two 
| uired for each set will amount to between 180,000 and 
,000 lb. of superheated steam per hour. This steam 
under modern conditions would be supplied by four 
boilers, each capable of generating 50,000 lb. of steam. 
Each boiler will require to burn at least 7,000 lb. of coal 
| per hour, depending upon the calorific value of the coal. 


necessary. A grate area of 250 sq. ft. means that each 
boiler will actually occupy, wit between, 
about 500 sq. ft., eight boilers will require 4,000 sq. ft., 
and the boiler-house will have a floor area of 12,000 sq. ft. 
| Fig. 1 (page 48) shows a _ of such a boiler-house, 
Fig. 2 is a cross-section, and Fig. 3 a longitudinal section. 
} p what has been said it is clear that increasing the 
| size of the boiler unit will not of itself seriously increase 
| the power per ae foot of floor space. Twenty years 
| ago water-tube boilers of 4,000 to 6,000 sq. ft. | Rove 
surface were considered large. To-day boilers are made 
| with a heating surface from 10,000 to 20,000 sq. ft. In 
Detroit five boilers each with over 20,000 sq. ft. heating 
surface are in use. 
| The plan of installing boilers (apart from economisers) 
| oa two floors ought only to be adopted where the exi- 
gencies of the site render such an — inevitable ; 
| that is to say, where land is dear or where local building 
regulations limit the dimensions of buildi in certain 
areas. In the new station of the United Blectric Light 
and Power Company at 20lst-street, New York (not- 
withstanding that this district is a suburb of New. York) 
the company have been forced to adopt the flatted 
arrangement for their boiler-house in order to comply 
with City requirements. 

The boiler-house must no longer be a stokehold with an 
atmosphere of grime and dust and dirt. It should be 
designed to admit of an ample supply of natural daylight. 
This is managed by placing the boilers back to back 
instead of face to face, with a firing floor down each side 
instead of down the middle between the two rows of 
boilers. Light can then be had from windows in the 
side walls as well as from the roof. This, however, means 
a larger floor area and a space between parallel boiler- 
houses, and further increases the ground area occupied 
by the power-station. Such an arrangement is shown 





in plan on Fig. 4 and in section on re 5. Adequate 
daylight can be got from roof lights with proper design 
of the roof, and Figs. 1, 2 and 3 show suc 


an arrange- 
ment. 


There is still a tendency to-day to construct the com- 
bustion chamber of boilers much too small. A combus- 
tion chamber should be of such dimensions as to allow 
ample space for complete combustion taking place and 
the products of combustion thoroughly mixing before 
coming on to the heating surface The author finds that 
the older boilers had 2 to 2} cub. ft. of combustion 
chamber per square foot of te area. To-day similar 
boilers have 5 cub. ft. of combustion chamber per square 
foot of grate area. The Detroit boilers before referred to 
have 9 cub. ft. per square foot of grate area, and it is 
agony conceded that this fact is very largely responsi- 


varying | 

It is not necessary to enter into the details of the usual 
fittings of boilers, such as safety valves, high and low water 
alarums, dial steam-pressure gauges and miscellaneous 
valves; but it may be said that the equipment of a 
modern boiler should inelude two draught-gauges. One 
of these should show the difference in pressure between 





the combustion chamber and the outlet from the boiler, 


een, does not as a rule exceed | 


15,000-kw. sets. The steam | 


means that grates of 250 to 270 sq. ft. will be | 


le for the high efficiency of these boilers at widely | 
ing loads. 


the boiler-house floor or basement floor adjacent to the 
wall between the boiler-house and the turbine-room, 
This arrangement is preferable to one large steam header, 
From the steam receiver a steam pipe is led to a turbine 
and another pipe to the next receiver, so as to give inter- 
change of steam from one set of boilers to another when 
required. 

ppended are the results of an interesting series of 
tests on steam-pipe and boiler-drum covering materials to 
show their relative properties for the conservation of heat 
from high-pressure steam. The final temperature of the 
superheated steam in the power station varied from 
550 deg. to 600 deg. F. Four firms were asked to cover 
three sample pipes 2 ft. long by 4 in. internal diameter, 
+ in, thick mild steel, with standard flanges on each end. 
The firms asked to quote were given a free hand as to 
choice of the material which would best meet the con- 
ditions. The thickness of covering was specified to be 
2-in., the covering to be finished off at the flanges in a 
manner to suit flange-cover boxes of the usual dimensions. 


= L.) 

| e may at an early date see an increase in the boiler 
pressure from 160 and 200 Ib. to 250 lb. The Common- 
| wealth Edison Company of Chicago worked the boilers in 
their Fiske-street station at 200 lb. until 1907, when they 
adopted 225 lb. at their Quarry-street station, and in 1910 
they —— 250 Ib. at their North-West station. 

| Fuel- ——- and Storage.—A — 50,000 kw. 
| capacity and burning 200,000 tons of coal per annum 
requires coal-handling facilities for a supply of 1,000 
tons of coal per day, together with facilities for the 
handling of ashes to the extent of 100 tons per day. 
|This means a railway siding capable of holding from 
| 100 to 120 full trucks, and probably another siding of 
| equal dimensions to hold the empty trucks. The pro- 
| vision of an adequate ——e siding is therefore a costly 
adjunct in the lay-out of a large power house owing to 
the serious addition to the site which it entails. C) 
length of railway sidings for a 50,000-kw. station would 
not be less than half a mile, or an addition to the site 
equivalent to 4,400 sq. yards. The wagons have to be 
tipped and coal-conveying plant has to be provided 
capable of ing 100 tons per hour. Coch hgehiog 
machinery should be installed, for while we have in the 
past been in the habit of using small coal, circumstances 
may in the near future render it economical to buy and 
break larger coal. This question, however, brings in the 
whole question of mechanical stokers, and that subject 
would require a paper to itself. 

Large coal storage accommodation is advisable and 
will eve economical. Not less than from two to four 
months’ fuel supply should be retained. This marginal 
stock enables to be delivered in fairly regular 
| quantities throughout the year and may result in lowering 








| coal prices. The height or depth at which coal can be 
| sto di ds upon the class of coal, and the. best 
| method of storing coal is still undecided. The cost of 


lifting coal from canal barges or from trucks, and placi 

it overhead in coal hoppers or in the coal store, is a 

item in the total price of coal. In one Glasgow station 
| we have a coal tra: rter fitted with a’ l-ton grab. 
| This transporter cost 2,600. and it handles coal at the rate 
| of 40 tons per hour, and the cost of e , labour and 
repairs on it brings the cost of handling coal in this way to 
| just under Id. per ton. In another station truck-loads 
| of coal are elevated 30 ft. at one end of the coal store 
| to an overhead platform, whence the coal is tipped into 
an overhead hopper or to the coal store, and the empty 
trucks lowered by a second elevator at the other ne ¢ of 
the coal store. These two elevators, complete with 
| electrically-operated capstans, cost 2,000/. The in- 
clusive cost of handling coal in this way is 3jd. ton, 
the higher cost being due to the amount of labour 
n for handling the trucks. These figures are 
conclusively in favour of the grab and transporter. 
Where has to be carried a short distance from coal 
store to boiler-house, bucket or tray conveyors appear 
to be the right thing. On the other hand, for 
distances, the telpherage system works out slightly 
ne a although the human element, with its attendant 
problems, enters more largely into the telepherage 
system. 

For the removal of ashes, bucket conveyors have 
proved to be eostly in upkeep on account of the wear 
of the axles and , caused by the fine, hard grit 
| of ash dust; but even with this drawback, bucket or tray 
| conveyors seem to be the c’ method of removing 
ashes. Suction ash plant is much favour on 
account of the absence of moving parts in its design, 
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but the 

times) than that of bucket conveyors. Suction plants | 

have not yet been long in use to warrant an 
ite pronouncement being made as to the repair bi 


5d. per ton handled, with energy at 1d. per B.O.T. unit. 
Suction plant is now made to do other work. It can 
be constructed for the of elevating riddlings 
and small unburned fuel to a hopper or tank over the coal- 
conveying plant. It can also made suitable for the 
removal of soot from economiser soot chambers and 
flue dust from the base of the chimneys. The efficiency | 
of the ordinary vacuum cleaner is well known, and it | 
appears that suction sg should be quite successful | 
for the handling of this lighter material. The atmo-| 
sphere in which all these operations are carried on is 
greatly improved by the action of the vacuum plant. 
A modern boiler-house calls for comparatively large | 
overhead ash storage, from which ashes can be deopped 
into wagons or other vehicles for their removal to a coup. | 
The removal and disposal of ashes is becoming a serious | 
matter. A few years ago ashes had a market value | 
and we could get as much as 4d. or 5d, a ton for them. | 
Ther « cime came when we were glad to get rid of them | 
free of charge. To-day we have difficulty in getting the | 
ashes from our stations carted away at 2s. a ton, paid 
to the carting contractor who undertakes their removal. 
It has been ted that it would pay the large elec- 
trical undertakings to purchase 3-ton or 5-ton electrically 
propelled wagons for the removal of ashes, especially 
where convenient railway facilities are not available. 
Coal-weighing machinery for each boiler or group of 
boilers is absolutely necessary if proper records are to be 
made of the boiler-house efficiency. It should always be 
possible to ascertain the amount of coal used in each 
8-hour shift and at the end of each week or month, so that 
the coal used per kilowatt-hour generated may be ascer- | 
tainable. These weighing machines should preferably be | 


capital cost is very much greater (about three area. With such pro 


emit the 


from boilers at a temperature 500 to 
550 deg. 


.» &.¢., from 100 to 150 deg. F. above the 


| temperature of the steam at the boiler working pressure. 
The cost for operating suction ash plant works out at about The 


proportion of heating surface in economiser to 
heating surface in boiler varies in nearly every station, 
but the of 35 per cent. may be taken as a fair 
av . ith such a proportion, allowing for hea 
drop in flues, the gases at the outlet to the chimney will 
have a temperature of from 325 to 350 deg. F., and the 
economiser will have utilised about 7 per cent. of the 








rtions the general practice is to | 


for the conversion of the chemical energy in coal into 
electrical energy. Coal is therefore the raw material of 
the factory ; and as the final product, alike as regards 
reliability and price, depends first and last upon the 
quality and the regularity of the supply of coal, the 
selection and purchase of fuel are matters of the most 
vital importance. 

The a and ag wi of a. is @ a 
naturally di ent upon ical position of the 
site selative te tho nearest cocliciiapand upon the nature 
of the load. An excellent discussion on this subject 
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fixed between the overhead coal hopper and the boiler 
stoker, but some stations in America have a travelling 
gantry, fitted with a weighing machine at each end, the 
gantry travelling along the whole length of the boiler- 

ouse between two rows of boilers. The duty of the 
operator on this gantry is to move up and down the 
boiler-house and to weigh out regularly to each boiler a 
predetermined amount of fuel. 

Feed pumps may either be of the direct-acting type or 
centrif , although experience with the former is so 
good and repairs so low that it will be difficult to displace | 
them. The total condensate from the turbine-room | 
condensers should be measured by a Lea or other water 
recorder, and this should have an integrating attachment. 

Having ascertained the amount of coal used an 
having measured the condensate, we can get the amount 
of water evaporated per lb. of coal used. No very great | 
increase in the efficiency of steam boilers can be looked 
for. The heat balance of many of the steam plants in | 
operation at the present day is as follows :— 


Heat absorbed by boilers 78 per cent, 
Heat lost in flue ods --- 165.5 es 
Heat lost in iation and un- 

accounted for ... bad -. 6.5 


That is to say, the total loss on which any reduction can 
take place is 22 per cent., but it is only a small pro- 
portion of this which can be attacked with a view 
to lowering it. It would be doing negative work to dis- 
charge the gases from a boiler at a temperature lower 
than that of the water in the boiler. 

An evaporation of 4 Ib. of water per square foot of 
ee surface in the boiler was, until recently, con- 
sid standard practice, but to-day water-tube boilers | 
are desi » in conjunction with ial economisers, to | 
——— at the rate of 6 lb. normal load, and at over- 
| 8 Ib. and even 10 lb. per square foot of heating sur- 
face of the boiler. The heating area in most water-tube 
land boilers is of the order of 50 times that of the grate . 





Condensing Water Qulvert 1-0:24-0 


heat of the gases emitted from the boiler. The inlet 
water to the economiser from the hot-well will, with 
present-day practice, be raised to a temperature of 
200 or 220 deg. F. Until recently the evaporation per 
square foot of heating surface of boiler and economiser 
combined was therefore roughly 3 lb. per square foot 
of heating surface. Modern practice tends to diminish 
the heating surface in the boiler from 50 times the grate 
area to 35 times the grate area and to increase the area 


| of the economiser to 80 per cent. of that of the boiler 


heating surface. The result is to put up the evaporation 
of the boiler at overloads to 8 lb. per square foot of 
heating surface, and the temperature of the gases now 
emitted from the boiler is considerably raised, being 


d about 650 deg. F. The heat, however, is taken up in the 


economiser and the temperature of the feed water to the 
boiler is considerably increased. The net result is that 


= an evaporation of 44 lb. per square foot of heating 
8 


ace of boiler and economiser combined. The over- 


| head economiser is suitably 3 eee to give the very 


highest combined efficiency. iler plants arranged in 
this way probably give a higher efficiency than was the 
case with previous designs, inasmuch as the radiation 
losses are less and the loss between the boiler and the 
economiser is reduced to an absolute minimum. The 
modern tendency is, therefore, to supply feed water to 
boilers at a temperature as near as possible to the tem- 
perature of the water already in the boiler, and the boiler 
simply adds latent heat and superheat to the steam. 
Each boiler has its own economiser and the economiser is 
really an integral of the boiler unit. 

Two tests on boilers are annexed (page 50). The first 


| was made on a land type water-tube boiler supplied 


eight years . The second was carried out on a 
modern boiler’ i as above indicated, and the 
results of the test bear out the contentions with regard 
to evaporation per square foot of heating surface and of 
= occupied. (Appendices IIT. and IV.) 
.—An electric power station is simply a factory 


took place at one of our conventions a few years ago, 
and it is a matter for regret that there is no record or 
even a summary of that discussion, ably led as it was 
by Mr. Shawfield, then Engineer to the Wolverhampton 
Corporation Electricity Department. Power stations 
near the coalfields can use low-grade fuel with resultant 
saving in the coal bill, whereas it is often more economical 
to use high-grade fuel in stations remote from the coal- 
fields, as the same freight has to be paid for ash as for 
carbon. 

The kind of fuel also depends upon the nature of the 
load, as it is a recognised fact that a higher overload duty 
ean be obtained from a boiler fired with good-quality coal 
with a given draught than can be got with low-grade fuel. 
If a station has a purely lighting load, and consequently 
@ low load factor, a larger number of reserve boilers with 
their resultant radiation losses, &c., have to be kept 
under steam to meet any sudden peak loads than would 
be the case in a power station where the load is chiefly 
for power , and consequently the load factor is 
high. In the former case it is often more economical 
to use the best coal, because, with the higher overload 
thus made possible, the number of spare boilers can be 
kept down to a minimum. 

t is now almost universal practice to buy fuel on a 
calorific basis, but it must always be remembered that 
along with calorific value and analysis there are to be 
taken into account physical properties. For instance, 
two samples of coal may show an oopeceinesey similar 


behaviour in the furnace. Actual boiler tests must 
therefore be made with sample truck-loads of coal if the 
best and most economical selection is to be made. 
Anthracite coal with very high calorific value will only 


burn economically at the rate of 8 to 10 Ib. square 
| foot. I would certainly not advocate a sla adoption 
| of the calorific val 


| os 


ue basis in the purchase of coal, for the 
| P i A 


reason that coal is not a man article, 
but a natural product, and if we are to hold the colliery 
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owner or his 


mt responsible for its calorific value, he 
will undoub' 


y, and quite properly, cover himself be | 
increasing the price accordingly ; whereas if the coal 
contractor is not tied down, the customer is sharing the | 
risk inseparable from a natural product. The con- 
tractor can be and should be generally tied down to 
supply from particular pits. In the G w Corpora- 
tion Electricity Department the calorific value of the 
different kinds of coal offered is judged by the — 
year’s experience, and if any particular kind of coal as 
delivered is below our previous year’s rience of it, 
then that coal has a decreased of value allotted | 
to it against the time when next it will be again offered. 

A practical test in a boiler specially equipped for the 
purpose is a very reliable guide to calorific value. 
results of such tests should be reduced to a common basis. 
A good unit of comparison is the cost of evaporation of 
1,000 Ib. of water from and at 212 deg. F., or the number 
of lb. of water evaporated for a pennyworth of coal, 
including coal and ash handling, which varies with the 
quality of the coal. It is usual to express the coal 
economic result for the whole station in lb. of coal fd 
kilowatt-hour generated at the switchboard; but as thi 
must obviously vary with the calorific value of the coal 
and the steam consumption of the engine or turbine 

lant, the better unit to use for general comparison is the 
British thermal unit per watt-hour, é.e., 
Ibs. of coal per unit x B.Th.U. in coal as fired 
1,000 
Even this is not perfect, as it does not allow for the 
variation in load factor between different power stations, 
but it does enable comparisons to be made irrespective of 





The | waste, and consequently opportunities for devisi 


the ave: value of the coal as fired was 10,120 B.Th.U. 
| per Ib. is gives an av of heating units in the coal 
as fired per unit of output of 19,450, and also shows a 
thermal i of some 17 per cent. 

The whole subject of fuel economy and the utilisation 
of coal has been very ably dealt with by Professor Bone 
in a series of three lectures delivered by him in January 
and February of this . The British Association 
have also formed a Committee to look into the question 
of Fuel Economy, the said Committee = divided up 
inte sub-committees, one of which is the Power 
and St ising Sub-Committee. 

If the result of —_ survey of a number of points 
Many opportunities for in connection with boiler-house design and equipment 
ways | is a fruitful discussion, the purpose of the paper will have 
and means to avoid waste, are still present in the boiler- been served. 

| 


A five hae sasely (0 he otiesed or sured in eng was. enaep | 
by the adjustment of dampers and rate of feed. 
substitution of mechanical and electrical i for | 
hand labour naturally led to the substitution of the 
boiler-house engineer for the aforetime fireman. A 
competent boiler-house engineer is an indi le | 
adjunct to the boiler-house staff, and the man who knows 
his business can easily earn the substantial salary which 
he can command in this capacity. He, of course, trains his 
own labourers, but the human element should be, and is | 
being, cut down as far as possible. 

Eve ing possible should be done to obviate 
of the heat value of coal in the boiler-house before the | 
steam reaches the turbine. 


ot 





house. In the present paper the possibilities of further 
improvement have been indicated as regards space, 
material, heat, labour, and time; and the sum total of | 
the saving which would accrue even from the ial | Test on SteaM-Pire Coverina, 
elimination of present waste under these various heads| Elements heated electrically were mounted on insu- 
would represent a considerable proportion of the total | lators and placed inside the pipes, the current to the 
charges on revenue in a large electricity supply under- | elements be’ passed through terminals supported by 
ing. A saving of 1 per cent. in the coll il of the | bushes in the blank fl . A thermometer pocket was 
Glasgow Corporation Electricity Department would this | inserted in the middle of each pipe, the test being to get 
year represent a sum of 2,000/. | @ comparison of the amount of electrical taken 
It is only in recent years that we have come to realise | by each pipe when the inside temperature of ipe 
the meaning and the value of a lb. better steam con-| was kept constant. Care was taken to prevent draughts, 
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sumption in a steam turbine. We now put a money value | the test being taken in a room 10 ft. by 8 ft. by 10 ft. 
on steam consumption per y,th of a lb. and stipulate | high. Three sets of readings were obtained: one with 
for heavy penalties in the event of failure to comply | the tem 
with guaranteed consumption after allowing a 
With an equipment ouch ao has 


rature inside the 
tolerance | 500 deg. F., the second at 550 
just been | 600 deg. F. 


ipe at 


proximately 
eg. F., 


ond. 
the third at 


of 2} per cent. 
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variations in calorific value. In two of the Victoria Falls 
power stations the economic result obtained in the way 
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Fig. 5. CROSS SECTION OF BOILER HOUSE. 


described, weekly returns can be prepared giving all the 


Report on Pipe-Covering Tests. 
particulars any manager wants to satisfy himself that 























proposed gave in one station 27 B.Th.U. per watt-hour the plant is being properly handled and is doing its work Temperature Temperature ® Watts 
and in another 26. Both of these stations had very high | efficiently. Turbine-room data being also available, a Pipe. Steady. | Rise. ees 
load factors, whereas in many of the London stations,| weekly sheet showing running statistics may be easily Deg. Fahr. Deg. Fahr. Metre? x F°. 
where the lighting load is predominant, the average | made out. A specimen sheet of this kind is annexed | _ = a tes 
result is in the neighbourh of 40 B.Th.U. per watt- (Appendix II.). An exchange of such data between Frm I. 
hour, Daily samples of coal, as delivered, should be undertakings of about the same size would be mutually A. 660 j 568 3.22 
sent to the laboratory of the undertaking for calorific beneficial. 598 512 8.42 
analysis. An assistant, working with a bomb calori-| Recently in the New York Electrical World (April 8, oes “se ;, 
meter, can test 12 samples a day working from 9 to 1 and | 1916), a short but exceedingly interesting description B 67 578 3.18 
from 2 to 5 o’clock. ese tests are recorded in a coal | was given of methods of handling boilers in a 100,000-kw. 61 524 3.38 
test-book for reference. As the results of tests obtained | station. This referred to the boiler plant in the “L” 558 475 3.55 
by any or all of the methods above referred to are | station of the Edison Electric Illuminating Company at 
tabulated and arranged, an index of the pits in the coal- goyth Boston. The editorial referring to the article oc 650 564 3.08 
field, from which the fuel supply is mainly or wholly says: “It is evident in this central station that the | aoe yo 3 
drawn, can be compiled, and coal prices as received can | electrical end of the establishment has no monopoly of | Fra II 
be equated on @ calorific value basis. g : scientific management,”’ and continues that “ the liberal a: 670 ” 573 3.24 
An interesting experiment has been carried out in one yge of rebording instruments in the steam end of the | 608 514 3.56 
of the Glasgow gas works recently. Gas-coke breeze station and the continuous expert study of operations 558 468 3.66 
or gas-coke riddlings were burned successfully on chain- _ . , are all-important factors.” e ineer in 
grate stokers with forced draught. A special form of charge of the boiler-house is expected to maintain the| oss a os 
arch had to be built. This breeze can be bought at highest efficiency possible with an economical expenditure | ref 451 3.80 
20 per cent. the price of coal and it has a calorific value of time and labour. In this station, containing 48 } ‘ 
of at least 60 per cent. of coal. There is a large amount phoilers, they have 36 steam-flow meters, 40 draught- | c. 675 588 3.36 
of ash, but the experiment went to show that with gauges, 2 furnace indicators, 1 CO2 recorder, 2 coal scales | | 589 495 3.62 
intelligent superintendence good results could be obtained and 1 load indicator. In American stations generally | 537 447 3.75 
with this class of fuel, although the actual output of the considerably more attention is now being given to| Fre III. 
boiler was considerably reduced. boiler-house economy, no doubt due to the i ing | A. 646 | 555 8.48 
With — to the whole question of fuel, experience price of fuel. The workmen in the boiler-house are | 598 | 508 3.54 
seems to show that it is preferable to buy the best, for educated to interpret the various gauges and recording gn _ — 
while good results may be obtained with inferior fuel, instruments and encouraged to take an interest in B. 661 570 3.34 
careful and constant attention to the fires is necessary improving conditions. The instruments are not to be } 618 527 3.53 
with such fuel, whereas with first-quality fuel very little | erected and stored ‘away in the chief engineer’s room, | 551 464 3.75 
attention is required. but are to be in the boiler-room. © c 658 568 3.07 
Boiler-House Staff.—Twenty — ago a fireman in a Several very fine records of efficiencies have been r 585 404 3.24 
a was truly a man. Strip to the | attained in America. At the Conner Creek plant of the | | 553 466 3.41 
waist, he in many cases to lift every lb. of coal from Detroit Edison Company, which has been in operation Frem IV. 
the floor level to the furnace door. He had to be con- | for a year, they have two 20,000-kw. turbo-alternators, | Ae | 317 224 8.05 
tinually opening and shutting furnace doors and stirring | and each turbine is supplied with steam by two large | 302 212 7.95 
up the fire. At intervals he had to bear excessive | boilers, each boiler containing 23,500 sq. ft. heati 280 191 8.14 
heat and noxious fumes, removing ashes from the furnace, surface. The plant is operating at the present time an 640 580 2.79 
which had thereafter to be wheeled away or shovelled | producing a kilowatt-hour on 1.42 Ib. of coal, é.¢., @ little B. 595 504 2:83 
direct into carts. It was no uncommon thing in such less than 20,000 B.Th.U. per kw.-hour. This shows an 578 439 2.90 
a boiler-house to have the fireman boasting that he had effici from coal to electrical of 17 per cent. | 
tackled the load with three boilers, whereashe might have | The Chicago Commonwealth Edison Company in their C. 652 559 3.09 
saved both labour and fuel by having four boilers going. | Fiske-street station have two vutbo-citerantons of 608 518 3.10 
All this has been or will soon be ¢ The firing | 20,000 to 25,000 kw. capacity. Over a whole year’s | - 545 456 8.26 
of the boiler is now done by operating a rope or a lever. | run the coal used per unit of output was 1.92 Ib., and | * Pipe unlagged. 
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" ‘The preceding table give the results of the tests, the| Evaporation per-Ib. coal as fired — 7.56 Ib. . " Economiser. 
Jast column in each case being the measure of efficiency =. per Ib. from and at mea . Type .. By GUS * Steel tube. 
of the pipe covering expressed in watts dissipated per )_) poration per Ib. dry coai ae" 0 , . Heating surface as ‘a 3,080 sq. ft. 
square metre of -pipe surface per degree difference. | “ actual 8.26 ,, 98 Stokers. 
It is undesirable to give a description of the various pya tion per ib. from and at _T 
coverings. Suffice it to say that they include all the | O12" F 
best-known t and that the test of “‘A”’ covering, Factors _ evaporation, including * Draught Plant. 
supplied by Firm IV,, proved it to be the best; the iiouuties east og at 1.128 ,, . Vang: Cee dite tunedin 
final thickness of the covering in all cases being 2 in. full. space from and at 212° F. 8 . oe : Huleht o * chininey poi arin : 
level 77 ft. 
APPENDIX II. Ratios. 


Cory . Boiler heating surface to grate 
area 28.3/1 
PorRT DUNDAS STATION RUNNING STATISTICS 2. Boiler and economiser heat- 
, ended P ing surface to grate area 50.2/1 
(ow enh as SESS a . Economiser heating surface 
l to boiler heating surface. . 
Totals to Date from June 1, 1914. Complete Unit. 


ype - e - Chain grate. 
9.32 ,, 2 : Grate area. ° an 144 sq. ft. 





m . : > . Total heating surface (boiler, 
Items. This Year. P st Last Year. Fad | | superheater, and econo- 
; This Year - Last Year. miser) 8,621 sq. ¢ 
7 7 . Total ground space ‘occupie d 383 sq. ft. 
x General. 
979,735 me 61,210,255 i - 50,329,462 . Date of test .. a .. Jan. 7,1916. Jan. 7, 1916. 
1,562,017 | 2.3 1,518,396 D - Duty . nA ed .. Normal load. Overload. 
62,772,272 . 51,847,858 . Duration oe ee .. 5 hrs. 8} mins. 1 hr. 30 mins. 
1,693,579 1,710,983 3.: Fuel. 
61 078, 693 51,136,875 —_ ™ 
9,400 16,100 . Kind used te oe ee Washed nuts. 
rs 940 3.097 Analysis: Volatile matter .. 28.75% 
21,762 18.147 Fixed carbon o- 67.25% 
36.11 35.7 Absolute ash... 4.00% 
3-01 32.6 100.00% 
77.0 Moisture . 4.61% 
_ . Gross calorific value of dried 
78,898.43 fuel. 14,209 B.T.U 
3 41 22. Gross calorific ‘value of dried 
3,52 fuel as delivered .. 13,554 B.T.U. 
11/9.58 23. Net calorific value of fuel as 
46,5441. 138. 4d. delivered .. - a‘ 13,045 B.T.U. 
0.2154 . Total quantity fired” .- 18,401 Ibs, 5,687 Ibs. 
Cost of coal per unit delivered . 0.2228 . Coal consumed per hour .. 3,080 ,, 3,791 ,, 
Average calorific value of coal . _ . Coal consumed per sq. ft. of 
Average flue ae base. grate per hour os 214 . 26.3 ,, 
of stack | 506 _ 343 Steam. 
Average CO, + ea z 10.0 ~- _ # . 
Ashes—tons ue i +s \ ‘i 207.05 ' 12,170.4 . 10,191.19 2. 27. Average gauge pressure + 165 _,, 166 ,, 
Turbine vacuum .. “4 + — | 26. — = — — . Saturated steam temperature 372° F. 372° F. 
Barometer ne ia 30.03 30.00 — — _ . —? steam — 








A.-C. units generated... ot 1,170,745 
D. -©. units generated .. o« 
Total units posveuses 
Units used in works 
Units delivered 
Maximum A.-C. load 
Maximum D,-O©. load 
Combined maximum load 
A-C. load factor 
D0, load factor ee 
Combined load factor .. es 
Plant load factor (engine room) 
Plant load factor (boiler _ecad 
Coal burnt—tons. . . 
Lbs. coal per unit generated 
Lbs. coal per unit delivered 
Average cost of coal per ton 
Total cost of coal ee es 
Cost of coal per unit gepeutes.. ° 
e! 


~m,;o,; 
elo 

se 
to be 
olan 


33.01 
77.55 


66.71 
86, 40s. 44 
3.08 


3.16 

10/4.84 
44,9471. 68. 10d. 
0.1718 


0.1766 
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° ° 673° F. 689° F 

4 sais of superheat me 301° F. 317° F. 
SUMMARY OF WATER METERS AND RECORDERS. Water. 

. . ae 4 entering econo- 





Make-up Water, Cooling, and 
all other purposes. 


4 








93° F. 93° F. 


3° F, 180° F. 
. Total quantity evaporated. 162, e248 “tb. 49,610 Ib. 
. Evaporation per hour actual 27,218 ,, 33,073 
35, Equivalent evaporation per 
11,270,000 24,751,250 6.75 . hour from and at 212° F... 36,608 ,, 44,781 ,, 
36. Evaporation per Ib. coal, 
ae —— Pe ee eee ee ei actual 8.84 ,, 8.72 
APPENDIX IIL Water Temperature ° ee ry per. co coal from on. 
GLASGOW CORPORATION GENERATING STATION (PoRT DUNDAS) Aveem vee egw of feed oy : 38. Bvaperetion per sq. ft. of 
Test carried out on B. & W. Boiler fitted with Superheater and a i os GE. a. e pre ae eens, 6.67 
Chain-Grate Stokers. February 26, 1914. Flue Gas Temperatures. 384. Evaporation per sq. ft. of = = 
Boiler supplied in 1906. Coal used—Scotch Peas. <x > ygpeugtiotgeed oT ‘ ground space from and at 
5 ° °F. 212° F . 
Summary of Tests. Average temperature at econo- 
General. 1. 2. miser outlet .. ° os Gas. 395° F. Factors of Evaporation, 


Date of test. ss Feb, 26, 1014, Feb. 27, 1014. Draught. pd theta nye I 
Duration of test .. : +» 6 how 2 hrs. overload. Average draught at boiler dam- - ans fete on, 1.345 
Heating surface of boiler .. 6, 182 a aq. ft. 6, 182 sq. ft. per .. 15.9 mm. 23.0 mm. ate ; 

»  Superheater .. 1,088 sq. ft. 1,088 sq. ft. | Average. draught at base of Draugit. 


Grate area. 100 sq, ft. 100 sq. ft. hi 33 ‘ . Kind .. Ejector. Ejector. 
Ratio Boller H/S to 0 grate area. 61. 61.82/1 weer | “+ Spr ae a gies 2: Suction ‘at economiser outict 0.55 in. 0.8 in. 
Drange weed ; of oy oe Induced. Flue Gas Analyele. 3. Power ~ pol to pontiuey { 7.6 kw= 13.8 kw.= 
ype ofstoker .. e° .. lstyle5and1 th grates | Ay ; ¢ draught 9.2 B.H.P. 16.6 B.H.P- 
style 4 style 4. gee percentage “ $2 %. “ — . Equivalent in steam con- 
Ground space occupied .. .. 350 sq. ft. s re) py Nil sumption per hour (assum- 
Fuel. ws . ing 15.4 Ibs. per kw.) .. 117 Ibs. 213 Ibs. 
Kind used . Scotch 


Combined Wage, See to Boilers. Lbs. Water per Ib. Coal. Lbs. Water per Unit, 32. Tem — leaving econo- 


v 





” 





” 





Furnace, " Pescuntage of steam gene- 
. Scotch x rate os oe eA 0.43 0.64 
— — as delivered “a io _ .T. U. -T.U. 7 ee <Seeaee.<t le tend 53 in Flue Gases. 
ercentage of moisture .. ap : ‘ 
pes » Volatile matter .. A 23 or ae entering econo- 


” » fixed carbon a 51.56 a . t ‘ | 624° F. 
ash (analysis) °: 16.21 5.98 orm ot Mttetoeis EES: FADES |r. temperatare leaving coono- ; 

Total’ coal fired (wet) .. «+ 19,300 Ibs. 8,300 Ibs, | Average ft. per hour : : miser . oe 386° F. 419° F. 

(dry) 17,688 ,, 7,214 ,, aaieaonen 17.3% : | 48. Average COs" sie ties SO 12.9% 

Average conaumption of coal per | Right-hand grate “# .. 14.3 ft. 2.8 it. Heat Balance 
our (we 3,217 ,, 4,150 ,, s 5 it. 8 ft. : . 

Average seasemption of coal per’ — of boller- “house near _ 71° F. : | 49. ene of 7 ae 
hour (dry) 2,948 ,, 3,607 ,, | — +4 an — 

Aves consumption of cou Pp rs Efficiency. « a FF ie cal c er pee 
aq . oO a | sia 09% , 
(wet) Grae aren per nour $2.17 . ane | Comnbtnst qtetoney of boiler and . Heat carried away in flue 7 Ps - 

— consumption of coal per pe re 23% . gases “; 9.20% 9.72%, 

of grate area per hour | Heat Balance. | 51. Heat lost in radiation anc 


| Seago thickness of right- -hand 


; z ee oe 5.719 799 
‘ (dr 29.48 36.07 ,, | Heat absorbed by boiler and Cerne eR a — 
sosnteoatibie consumed per sq. it. * superheater : 76.23% 100.00 100,00 

as pose save per hour... +. at ” 33.93 ,, Heat carried away in gases leav- 2. Over-all efficiency, based on : 

’ ” — 2 % 4 i a 8 A 
Percentage of ash to coal burned "18.20 — ae — eidkaites aah wn. 12.96% “ws net calorific value... +. 88.41% 87.79% 
Combustible ° - 14,821 Ibs. 6,786 Ibs, 


accounted for .. 10.81% 
Steam, VaNCOUVER.—Included in plans for the improvement 
Quality .. . Superheated. a 100.00 : of Vancouver Harbour is a terminal railway which will 
aa gauge pressure (Ibs. per qnwre afford connection between existing lines, such as the 
aviaest CRT ae 188 Ibs. 198 Ibs. APPENDIX IV. | Canadian Pacific Railway and the American Great 
steam ” — 383° F. 387° F. TEsTs ON A MODERN BOILER FITTED WITH OVERHEAD | —aperg noleee, se en ee Se —— 
Average temperature of super- ECONOMISER. ies at the mouth of False Cree e Dominion Govern- 
heated steam ... ne . 561° F. 620° F. sensinan ‘ment has for some time been reclaiming land at False 
Degree of superheat |, 78°F, 233° F. . (Sup plied 1915.) | Creek at the Granville-street bridge, which is just east 
Water ee eee Water tube. | of the cae ge A a ee mp ea ee — 
2. Heating surface be = . ft. | was ex at low tide, has a bu ut roun 
Evaporation evaporated bait venare Ibs. 64,334 Ibs. ins — it, and with the improvement of the chasieat 1 
vaporation Ay ty Fo ” 32,167. ,, Superheater. quantities of sand have been pum behind. This will 
a 212° 27,462 ,, 36,928 * Type Be ose + on ae. - give a large area for sites for industrial purposes. Am 
Bvapertion per sq. ft, H/S per _ ; ng =e oe quer Bh. & elevator on Burrard Inlet will have a capacity of 1,250,000 
aieaiie per be -' ro 3 3.94 ,, 5.20 ,, ie Hy I ? sap ee the land end of large new docks, and 
Evaporation “4. m an space . 
at 212° P. . 444 ,, 5.97 ,, seduce te 40 and 1 ahem foot ate ata pee , wharves, ze ee te ae 

















